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[0001] This invention relates to image formation apparatus that uses a liquid developing agent to make a visible 
image from an electrostatic latent image formed by electrophotography, electrostatic recording, tonography, or other 
methods, and then transfers the visible image to a recording medium. 

[0002] In particular, this invention relates to the developing transfer process in multi-color image formation apparatus 
that uses the newly developed highly concentrated liquid developing agents that have high viscosity. 
[0003] In the related art, liquid developing agents and powder developing agents are used as the developing agent 
that makes visible images from electrostatic latent images but, when high quality images are required from electrostatic 
recording apparai us, a liquid developing agent is usually used. For example, such a developing agent for electrostatic 
latent image development is disclosed in the prior art of JP 53057039. This is because the diameter of the toner particles 
in liquid developing agent is from 0.1 to 0.5 u.m, compared with toner particle diameters of 7 to 10 jim in powder 
developing agents. Accordingly, the image resolution obtainable using liquid developing agents is higher than when a 
powder developing agent is used. In addition, powders generally flow less well than liquids. Thus, powder developing 
agents are more difficult to stir than liquid developing agents. Accordingly, uniform developing over wide areas is difficult 
to obtain if a powder devt 'oping agent is used. 

[0004] Multi-color image formation apparatus in the related art is provided with one image bearing member and four 
developing agent bearing members, one each for the four developing agents, yellow, magenta, cyan, and black The 
developing agent applied on each of the developing agent bearing members is supplied to the surface of the latent 
image on the image bearing member, thereby forming a toner image on the image bearing member. The toner image 
formed on the image bearing memoer is transferred to the recording medium positioned on thechargedtransfermember 
which has an electric charge of opposite polarity to the toner. This type of image formation process performed for the 
yellow, magenta, cyan, and black developing agents in sequence results in formation of a color image on the recordina 
medium. ** * 

[0005] Image formation apparatus in the related art uses toner, that is, charged developing particles to develop 
electrostatic latent images on an electrostatic latent image bearing member, then transfers the normal tonerimage that 
has been formed on the electrostatic latent image bearing member to the recording medium. The method used to 
transfer the normal toner image that has been formed on an electrostatic latent image bearing member to the recording 
medium » the method wherein a transfer member that has an electric charge of opposite polarity to the toner is made 
to contact the electrostatic latent image bearing member through the medium of the recording medium such that elec- 
rostatic force is used to transfer the image to the recording medium, thereby forming the image. 
[0006] However, the multi-color image formation apparatus in the related art performs the above image formation 

rnlXr?, Ve "° W ' magenta ' Cyan - and black devel °P in 9 a 9 ents in ° rder t0 f °™ ^ages. This 

makes it difficult to achieve high image printing speeds. In addition, the low-viscosity liquid developing agent usually 
used « the electrostatic recording and similar apparatus in the related art consists of IsoparG (registered trademark 
of the Exxon Corporation), an organic solvent, in which toner is mixed at a proportion of about 1 to 2%. It is desirable 
IT-thT ; i 9 hly , c ° ncen 1 trHted lk > uid developing agent than that used in the apparatus of the related art and to 
reduce the. volatility of the solvent to allow production of safer and simpler multi-color image formation apparatus, but 
th s type of apparatus cannot be found in the related art. Moreover, the ideal method of forming multi-color images on 
a recording medium when using a highly concentrated and highly viscous liquid developing agent (a liquid developing 

"'-J TrS* 100 t0 10 ' 000 mPa s in whteh to ner is dispersed at high coLntrations in the non 
conductive liquid) which adheres more strongly to the image bearing member was heretofore unknown 
0007] The ideal method for transferring a toner Image to the recording medium to form an image without image 
inaccuracies occurnng was heretofore unknown. a 
[0008] In addition, for the above apparatus in the related art, large quantities of liquid developing agent are required 
due to the low proportion of toner, and the IsoparG used as the non-conductive liquid (carrier liquid) is highly volatile 
and emits an unpleasant odour. Therefore, the apparatus in the related art causes an unpleasant work environment 
and environmental problems. 

[0009] The aim of this invention is to provide multi-color image formation apparatus capable of high-speed image 

printing and capable of forming high-resolution multi-color images on the recording medium 

[0010] Another aim of this invention is to provide an image formation method and image formation apparatus that 

rnn" . If nS !f ' ,0ner imageS t0 the reC0rdin9 medium and ,om imaoes without tne occurrence of image inaccuracies 
[0011] Yet another aim of this invention is to provide an electrostatic latent image liquid developing apparatus and 
liquid developing method that enable images of high resolution to be obtained easily from apparatus of reduced size 
while reducing pollution and improving the work environment. 

[0012] To meet the above aims, and according to the present invention, there is provided a multi-colour image for- 
mation apparatus having multiple developed image formation stations, each of the developed image formation stations 
comprising an image bearing member, an electrostatic latent image formation station that forms an electrostatic latent 
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image on said image bearing member, and a developing station that supplies a thin layer of 5 to 40u.m of a highly 
viscous colour liquid developing agent by means of a developing agent bearing member to the surface of a latent image 
on sa id image bearing member, the highly viscous colour liquid developing agent having a viscosity from 1 00 to 1 0,000 
mPa.s; and having charged developing particles dispersed at a concentration of 5 to 40% by weight in a non-conductive 

5 liquid, so as to form on the latent image on the image bearing member a developed image corresponding to one colour, 
and a transfer station that sequentially transfers the respective developed images to a substrate transported by a 
transfer member, the transfer station providing a distributed contact pressure between the developed image bearing 
member q.nd the substrate whereby the developed image can be transferred without the developed image spreading, 
and thereby forming a multi-colour image on said substrate. 

w [0013] Preferably, the transfer member is formed from a flexible thin sheet type element. 
[0014] Preferably, the transfer member is an elastic cylindrical member. 
[0015] Preferably, the image bearing member is formed from a flexible thin sheet type element. 
[0016] The developing agent bearing member may be formed from a flexible thin sheet type element. 
[0017] The developing agent bearing member may alternatively be formed of an elastic cylindrical member. 

15 [0018] The multi-colour image formation apparatus may further comprise a pre-wetting station but applies a pre-wet 
liquid, being a chemically inactive dieletric liquid that has good release properties, on said image bearing member. 
[0019] Preferably the prewetting station applies said pre-wet liquid on said image bearing member by means of at 
least one roller. 

[0020] Preferably the roller is formed from a material that has a good lyophilic properties, 

20 [0021] Preferably the pre-v, ?t liquid has a viscosity from 0.5 to 5 mPa.s, an electric resistance of 10 12 fi cm or more, 
a boiling point from 100 to 25i/'C, and a surface tension of 21 dyne/cm or less. 
[0022] The silicone fluid may be the main component of said pre-wet liquid. 
[0023] The silicone fluid may be used as the non-conductive liquid in said liquid developing agent. 
[0024] The liquid developing agent may contain toner with an average particle diameter of 0.1 to 5 urn. 

25 [0025] According to another aspect of the present invention there is provided a multi-colour image formation appa- 
ratus having multiple developed image formation stations, each of the developed image formation stations comprising 
an image bearing member, an electrostatic latent image formation station that forms an electrostatic latent image on 
said image bearing member, and a developing station that supplies a thin layer of 5 to 40u.m of a highly viscous colour 
liquid developing agent by means of a developing agent bearing member to the surface of a latent image on said image 

30 bearing member, the highly viscous colour liquid developing agent having a viscosity from 100 to 10,000 mPa.s and 
having charged developing particles dispersed at a concentration of 5 to 40% by weight in a non-conductive liquid, so 
as to form on the surface of the latent image on the image bearing member a developed image corresponding to one 
colour, the multi-colour image formation apparatus further comprising a first-stage transfer station that sequentially 
transfers the respective developed images to an intermediate transfer member, and thereby forming a multi-colour 

35 developed image on said intermediate transfer member, and a second-stage transfer station that transfers the multi- 
colour developed image formed on said intermediate transfer member to a substrate, the transfer stations providing a 
distributed contact pressure between the developed image bearing member and the further members whereby the 
developed image can be transferred to the further members without the developed image spreading. 
[0026] The intermediate transfer member may be formed from a flexible thin sheet-type element. 

40 [0027] The intermediate transfer member may be an elastic cylindrical member. 

[0028] According to a further aspect of the present invention there is provided a multi-colour image formation appa- 
ratus having multiple developed image formation stations, each of the developed image formation stations comprising 
an image bearing member, an electrostatic latent image formation station that forms an electrostatic latent image on 
said image bearing member, and a developing station that supplies a thin layer of 5 to 40ujti of a highly viscous colour 

45 liquid developing agent by means of a developing agent bearing member to the surface of a latent image on said image 
bearing member, the highly viscous colour liquid developing agent having a viscosity from 100 to 10,000 mPa.s and 
having charged developing particles dispersed at a concentration of 5 to 40% by weight in a non-conductive liquid, so 
as to form on the surface of the latent image on the image bearing member a developed image corresponding to one 
colour, the multi-colour image formation apparatus further comprising a first-stage transfer station that transfers the 

so developed images to an intermediate transfer member, and a second-stage transfer station that transfers the developed 
image formed on said Intermediate transfer member to a substrate, wherein the second-stage transfer station sequen- 
tially transfers to the substrate the developed images, each of which has been transferred to the intermediate transfer 
member, and thereby forms a multi-colour image on said substrate, the transfer stations providing a distributed contact 
pressure between the developed image bearing member and the further members whereby the developed image can 

55 be transferred to the further members without the developed image spreading. 

[0029] According to another aspect of the present invention there is provided an image formation device provided 
with an electrostatic latent image bearing member, a developing agent bearing member, an electrostatic latent image 
formation station that forms an electrostatic latent image on said electrostatic latent image bearing member, a devel- 
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oping station that supplies to the surface of the latent image on said electrostatic latent image bearing member a thin 
layer of 5 to 40^m of a highly viscous liquid developing agent, having a viscosity from 1 00 to 1 0,000 mPa.s and having 
charged developing particles dispersed at a concentration of 5 to 40% by weight in a non-conductive liquid, that has 
been applied to said developing agent bearing member, such that a developed image that corresponds to the desired 

5 print image remains on the developing agent bearing member, and a transfer station that transfers to a substrate said 
developed image that has been formed on said developing agent bearing member, the transfer station providing a 
distributed contact pressure between the developed image bearing member and a further member whereby the de- 
veloped image can be transferred without the developed image spreading; wherein said transfer station comprises a 
first-stage transfer station that transfers the developed image that has been formed on said developing agent bearing 

io member to an intermediate transfer member and a second-stage transfer station that transfers to the substrate the 
developed image that has been transferred to said intermediate transfer member. 

[0030] The image formation device may further comprise a pre-wetting station that applies a pre-wet liquid, being a 
chemically inactive dielectric liquid that has good release properties, on said electrostatic latent image bearing member. 
[0031] The developing agent bearing member may be formed from a flexible element. 

is [0032] The flexible element may be a belt element. 

[0033] According to yet a further example of the present invention there is provided an electrostatic latent image 
liquid developing apparatus that develops the electrostatic latent image formed on an image bearing member by means 
of a toner including charged developing particles, provided with a developing station that brings a developing agent 
bearing member on which a thin layer of 5 to 40ixm of a highly viscous liquid developing agent, having a viscosity from 

20 100 to 10,000 mPa.s and having the toner dispersed at a concentration of 5 to 40% by weight in a non-conductive 
liquid that has been applied into contact with said image bearing member through the medium of said liquid developing 
agent and thereby supplies the toner to the surface of said latent image on said image bearing member, and having a 
release surface that has a lower surface energy than the surface energy of said liquid developing agent formed on the 
surface of said image bearing member, and a transfer station that transfers to a substrate said developed image that 

25 has been formed on said developing agent bearing member, the transfer station providing a distributed contact pressure 
between the developed image bearing member and the substrate whereby the developed image can be transferred 
without the developed image spreading. 

[0034] The release layer on said image bearing member may be formed from a fluorocarbon resin. 
[0035] The release layer on said image bearing member may be formed from silicone. 

30 [0036] According to another example of the present invention there is provided an image formation method compris- 
ing the steps of; forming an electrostatic latent image on an electrostatic latent image bearing member by means of 
an electrostatic latent image formation process such that a developed image that corresponds to the desired print 
image remains on the developing agent bearing member, developing the electrostatic latent image by means of a 
developing process that supplies to the surface of the latent image on the electrostatic latent image bearing member 

35 a thin layer of 5 to 40nm of a highly viscous liquid developing agent, having a viscosity from 100 to 10,000 mPa.s and 
having charged developing particles (toner) dispersed at a concentration of 5 to 40% by weight in a non-conductive 
liquid, that has been applied to the developing agent bearing member and that forms the developed image on said 
developing agent bearing member by means of the remaining portion, and transferring the developed image that has 
been formed on said developing agent bearing member by means of a transfer process to a substrate, the transfer 

40 process providing a distributed contact pressure between the developed image bearing member and the substrate 
whereby the developed image can be transferred without the developed image spreading. 

[0037] The image formation method may further include a pre-wetting process that applies a pre-wet liquid, being a 
chemically inactive dielectric liquid that has good release properties, to said electrostatic latent image bearing member 
at the start of said developing process. 
45 [0038] Preferably, transfer process is provided with a first-stage transfer process that transfers the toner image 
formed on said developing agent bearing member to the intermediate transfer member and a second-stage transfer 
process that transfers the normal image that has been transferred to said intermediate transfer member to the substrate. 
[0039] The developing agent bearing member may be formed from a flexible element. 

[0040] According to a further example of the present invention there is provided an electrostatic latent image liquid 
so developing method that uses charged developing particles to develop the electrostatic latent image formed on the 
image bearing member, provided with a developing process that brings the developing agent bearing member on which 
a thin layer of 5 to 40^m of a highly viscous liquid developing agent, having a viscosity from 1 00 to 1 0,000 mPa.s and 
having toner dispersed at a concentration of 5 to 40% by weight in a non-conductive liquid, has been applied into 
contact with said image bearing member through the medium of said liquid developing agent and thereby supplies 
55 toner to the surface of the latent image on said image bearing member and having a release surface that has a lower 
surface energy than the surface energy of said liquid developing agent formed on the surface of said image bearing 
member, and transferring the developed image that has been formed on said developing agent bearing member by 
means of a transfer process to a substrate, the transfer process providing a distributed contact pressure between the 
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developed image bearing member and the substrate whereby the developed image can be transferred without the 
developed image spreading. 

Brief Description of the Drawings 

5 

[0041] Figure 1 is an overview of the structure of the multi-color image formation apparatus in the first embodiment 
of this invention. 

[0042] Figure 2 is an oblique view outlining pre-wet apparatus that can be used by the multi-color image formation 
apparatus shown in Figure 1 . 
w [0043] Figure 3 shows the operation of the multi-color image formation apparatus shown in Figure 1 . 
[0044] Figure 4 shows the operation of the pre-wet liquid apparatus shown in Figure 2. 

[0045] Figure 5 shows the flow of the pre-wet liquid when a pre-wet liquid supply element is in contact with a pho- 
tosensitive member. 

[0046] Figure 6 shows the overall developing process. 
15 [0047] Figure 7 shows details of the contact process. 

[0048] Figure 8 shows details of the toner migration process. 
[0049] Figure 9 shows the separation process at non-image parts. 
[0050] Figure 1 0 shows the separation process at image parts. 

[0051] Figure 11 shows the significance of applying the liquid developing agent as a thin layer. 
20 [0052] Figure 12 shows details of a hard contact made between a developing roller and a photosensitive member. 
[0053] Figure 13 shows the soft contact achieved in this invention. 

[0054] Figure 1 4 shows a modified example of transfer apparatus that can be used by the multi-color image formation 
apparatus shown in Figure 1. 

[0055] Figure 15 is an overview of the structure of the multi-color image formation apparatus in the second embod- 
25 iment of this invention. 

[0056] Figure 1 6 is an overview of the structure of the multi-color image formation apparatus in the third embodiment 
of this invention. 

[0057] Figure 17 is an overview of the structure of an image formation device that can be used by the multi-color 
image formation apparatus shown in Figure 16. 
30 [0058] Figure 18 is an overview of the structure of the image formation device in the fourth embodiment of this 
invention. 

[0059] Figure 19 shows the operation of the image formation device in the fourth embodiment of this invention. 
[0060] Figure 20 shows the details of the toner migration process in the image formation device in the fourth em- 
bodiment of this invention. 

35 [0061] Figure 21 is an overview of the structure of a multi-color image formation apparatus that uses the fourth 
embodiment of this invention. 

[0062] Figure 22 is a cross-section outlining an intermediate transfer drum that can be used by the image formation 
apparatus shown in Figure 21 . 

[0063] Figure 23 shows the operation of the image formation apparatus shown in Figure 21 . 
40 [0064] Figure 24 shows an example of a modification to the multi-color image formation apparatus of the fourth 
embodiment of this invention. 

[0065] Figure 25 shows a modified example of transfer apparatus that can be used by the multi-color image formation 
apparatus of the fourth embodiment of this invention. 

[0066] Figure 26 is an overview of the structure of the multi-color image formation apparatus that is the fifth embod- 
45 iment of this invention. 

[0067] Figure 27 is an overview of the structure of the electrostatic latent image liquid development type of multi- 
color image formation apparatus that is the sixth embodiment of this invention. 

[0068] Figure 28 shows the operation of the multi-color image formation apparatus shown in Figure 27. 
[0069] Figure 29 shows an overview of the developing process used by the multi-color image formation apparatus 
so jn the sixth embodiment of this invention. 

[0070] Figure 30 shows details of the contact process used by the multi-color image formation apparatus in the sixth 
embodiment of this invention. 

[0071] Figure 31 shows details of the toner migration process used by the multi-color image formation apparatus in 
the sixth embodiment of this invention. 
55 [0072] Figure 32 shows the separation process used at non-image parts by the multi-color image formation apparatus 
in the sixth embodiment of this invention. 

[0073] Figure 33 shows the separation process used at image parts by the multi-color image formation apparatus in 
the sixth embodiment of this invention. 
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[0074] Figure 34 shows the significance of the use of the liquid developing agent as a thin film by the multi-color 
image formation apparatus in the sixth embodiment of this invention. 

[0075] Figure 35 is an overview of the structure of the electrostatic latent image liquid development type of multi- 
color image formation apparatus that is the sixth embodiment of this invention but shows different operational charac- 
s teristics. 

Description of the Preferred Embodiments 

[0076] The first embodiment of this invention is explained below with reference to Figures 1 to 5. 

10 [0077] Figure 1 is an overview of the structure of the multi-color image formation apparatus that is the first embodiment 
of this invention, Figure 2 is an oblique view outlining pre-wet apparatus that can be used by the multi-color image 
formation apparatus shown in Figure 1, Figure 3 shows the operation of the multi-color image formation apparatus 
shown in Figure 1 , Figure 4 shows the operation of the pre-wet liquid apparatus shown in Figure 2, and Figure 5 shows 
the flow of the pre-wet liquid when the pre-wet liquid supply element is in contact with the photosensitive member. 

15 [0078] Multi-color image formation apparatus 1, which is the first embodiment of this invention, shown in Figure 1 , 
is provided with toner image formation devices 2a, 2b, 2c, and 2d that form toner images corresponding to the yellow, 
magenta, cyan, and black developing agents, transfer apparatus 60, paper supply apparatus 610, fusing apparatus 
620, and paper eject apparatus 630. 

[0079] Each of the toner image formation devices is provided with a photosensitive member 1 0, which is the image 
20 bearing member, pre-wet apparatus 20 that applies pre-wet liquid to photosensitive member 10, charging apparatus 
30 that gives an electric charge to photosensitive member 1 0, exposure apparatus 40 that exposes the image on 
photosensitive member 10, developing apparatus 50 that makes a visible image from an electrostatic latent image by 
means of supplying toner to the parts on photosensitive member 10 where the electrostatic latent image is formed, 
cleaning apparatus 70 that removes the toner remaining on photosensitive member 1 0, and charge removal apparatus 
25 80 that neutralizes the charged photosensitive member 1 0. Note that light-obstructing plate 302 is fitted to the surface 
of charging apparatus 30 on the side where charge removal apparatus 80 is installed to prevent the charging apparatus 
from being affected by the charge removal apparatus. Each of the toner image formation devices in the above structure 
forms a toner image of the corresponding color on a photosensitive member 1 0. Transfer apparatus 60 sequentially 
transfers to the specified paper the toner image formed on photosensitive member 10 of each of the toner image 
30 formation devices. Paper supply apparatus 61 0 transports the specified paper to the transfer member of transfer ap- 
paratus 60. Fusing apparatus 620 fixes to the paper the toner image transferred by transfer apparatus 60. Paper eject 
apparatus 630 ejects externally the paper to which the toner image has been fixed. 

[0080] The related technology used for the electrophotographic type of printers in related art can, in most cases, be 
used for photosensitive member 1 0, charging apparatus 30, exposure apparatus 40, cleaning apparatus 70, charge 
35 removal apparatus 80, paper supply apparatus 610, fusing apparatus 620, and paper eject apparatus 630. Therefore, 
explanations are omitted for the above types of apparatus, but the main parts of this invention, that is, pre-wet apparatus 
20, developing apparatus 50, and transfer apparatus 60 are explained below. 

[0081] Pre-wet apparatus 20, shown in Figure 2, is provided with plate-shaped pre-wet liquid supply element 202 
that is approximately as long as the width of the image created on photosensitive member 1 0, casing 204 that houses 
40 pre-wet liquid supply element 202, tank 206 that stores pre-wet liquid 220, pump 208 that draws up pre-wet liquid 220 
that is stored in tank 206, tubes 210a and 210b, and positioning apparatus 212. 

[0082] A continuously porous material that has a three-dimensional mesh structure in which the pores are continuous, 
such as Bell-eta (registered trademark of Kanebo, Ltd.) can be used as pre-wet liquid supply element 202. The amount 
of pre-wet liquid 220 that can be retained by Bell-eta is limited to the capacity of the pores. When the supply of pre- 

45 wet liquid 220 exceeds the capacity of the pores, pre-wet liquid 220 can be released uniformly in a perpendicular 
direction in relation to the direction of flow of pre-wet liquid 220. The side of casing 204 that faces photosensitive 
member 1 0 is provided with aperture 204a that allows the lower side of pre-wet liquid supply element 202 to contact 
photosensitive member 10, as shown in Figure 4. Tube 210a carries the pre-wet liquid 220 that is drawn up by pump 
208 to supply side 202a of pre-wet liquid supply element 202. Note that empty space 204b is formed between casing 

so 204 and supply side 202a of pre-wet liquid supply element 202. Pre-wet liquid 220 accumulates in empty space 204b 
before being supplied from supply side 202a. Tube 21 0b carries the pre-wet liquid 220 that is released from release 
side 202b of pre-wet liquid element 202 to tank 206. When an external signal is not input, positioning apparatus 212 
holds pre-wet liquid supply element 202 in the separated position from photosensitive member 1 0, as shown in Figure 
4 (A). When an external signal is input, pre-wet liquid supply element 202 contacts photosensitive member 10, as 

55 shown in Figure 4 (B). 

[0083] Developing apparatus 50 is provided with developing belt 51 0, which is the developing agent bearing member, 
drive rollers 51 2a, 512b, and 51 2c that provide the rotational drive for developing belt 51 0 and that support developing 
belt 510 such that part of the belt contacts photosensitive member 10, tank 502 that stores liquid developing agent 
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508, supply roller 502a provided at the release aperture of tank 502, transport roller 504 provided such that it contacts 
supply roller 502a, application roller 506 provided such that it contacts transport roller 504 and developing belt 510, a 
regulatory mechanism (not shown in the drawings) such as a blade or roller that regulates the thickness of the layer 
of the liquid developing agent 508 applied to developing roller 510, and a scraper blade that, after the developing 

5 process, scrapes off the liquid developing agent 508 that is adhering to developing belt 51 0. 

[0084] Liquid developing agent 508a contains yellow toner and is stored in tank 502 of toner image formation device 
2a, liquid developing agent 508b contains magenta toner and is stored in tank 502 of toner image formation device 
2b, liquid developing agent 508c contains cyan toner and is stored in tank 502 of toner image formation device 2c, and 
liquid developing agent 508d contains black toner and is stored in tank 502 of toner image formation device 2d. 

w [0085] Supply roller 502a is rotated in the opposite direction to the direction of rotation of transport roller 504, thereby 
supplying the liquid developing agent 508 that is stored in tank 502 to transport roller 504. Transport roller 504 is rotated 
in the opposite direction to the direction of rotation of application roller 506, thereby transporting to the surface of 
application roller 506 the liquid developing agent 508 that has been supplied by supply roller 502a. Application roller 
506 is rotated in the opposite direction to the direction of rotation of developing belt 51 0 , thereby applying to the surface 

15 of developing belt 510 the liquid developing agent 508 that has been transported by transport roller 504. Rollers are 
used to supply liquid developing agent 508 to developing belt 510 because a highly viscous liquid developing agent in 
which toner is dispersed at a high concentration is used in this embodiment, as described later. Consequently, small 
quantities of liquid developing agent must be applied thinly and evenly to the surface of developing belt 510. Note that 
transport roller 504 that is provided between supply roller 502a and application roller 506 need not be only one roller. 

20 Multiple rollers may be provided. 

[0086] Developing belt 51 0 is rotated in the opposite direction to the direction of rotation of photosensitive member 
10 by drive rollers 512a, 512b, and 512c and thereby supplies to the surface of the latent image on photosensitive 
member 1 0 the liquid developing agent 508 that has been applied by application roller 506. A flexible belt-type element 
is used as developing belt 51 0. For example, a metal belt such as a seamless nickel belt, a resin belt such as a polyimide 

25 film belt or PET film belt, or a rubber belt can be used. This allows the tension of developing belt 510 to be adjusted 
and the contact pressure between the liquid developing agent layer formed on developing belt 510 and the pre-wet 
liquid layer formed on photosensitive member 10 to be distributed such that a minute gap is formed between photo- 
sensitive member 10 and developing belt 510 through the medium of the liquid developing agent layer and the pre- 
wet liquid layer. As a result, the liquid developing agent layer and pre-wet liquid layer can be made to touch while 

30 maintaining a two-layer structure that allows the two layers to be distinguished from each other. 

[0087] Note that developing belt 510 must be formed such that an electrical developing bias can be applied. Thus, 
if a resin or rubber belt is used, a conductive process for the belt surface or addition of minute conductive particles to 
the belt raw material is required in order to lower the electric resistance value. If the belt itself is conductive, rubber 
rollers that have a sufficiently low electric resistance value to allow application of a developing bias may be used for 

35 drive rollers 512a, 512b, and 512c. If a conductive process is performed for the surface of the belt, a conductor is 
disposed such that it touches the surface of the belt and the developing bias is applied to the conductor. 
[0088] Transfer apparatus 60 is provided with transfer belt 602, which is the transfer member, drive rollers 604a and 
604b that provide the rotational drive for transfer belt 602, support rollers 608a and 608b that support transfer belt 602 
such that part of the belt contacts each of the photosensitive members 10 provided by the toner image formation 

40 devices and that are connected to an earth that neutralizes the charge on transfer belt 602, corona discharge device 
606 that, at the transfer points between transfer belt 602 and each of the photosensitive members 10 provided by the 
toner image formation devices, gives to transfer belt 602 an electric charge of opposite polarity to the toner, and a 
scraper blade (not illustrated) that scrapes off toner that has adhered to transfer belt 602. 

[0089] Transfer belt 602 is rotated in the opposite direction to the direction of rotation of the photosensitive members 
45 1 o by drive rollers 604a, 604b, and 604c. As a result, the paper that is transported over developing belt 602 by paper 
supply apparatus 61 0 is fed in sequence between transfer belt 602 and each of the photosensitive members 1 0 provided 
by the toner image formation devices. A flexible belt-type element is used as transfer belt 602. For example, a metal 
belt such as a seamless nickel belt, a resin belt such as a polyimide film belt or PET film belt, or a rubber belt can be 
used. This allows the contact pressure to be distributed when the paper on transfer belt 602 touches the toner images 
so formed on the photosensitive members 1 0. 

[0090] A value of from 1 0 4 to 1 0 11 Qcm is desirable as the electric resistance value of transfer belt 602. If the electric 
resistance value is 10 4 ncm or less, there is a possibility that the paper fed between the photosensitive members 10 
and transfer belt 602 may also become charged by the corona discharge device 606. Since the resistance value of 
the paper varies greatly (1 0 9 to 1 0 13 Ocm) in accordance with the paper type and the humidity, if the charge does reach 
55 the paper, the change in the resistance value of the paper inappropriately affects the transfer to the paper of the toner 
images formed on the photosensitive members 10. If the electric resistance value is increased to 10 11 Ocm or higher, 
the charge on transfer belt 602 becomes too small, the electrostatic force between transfer belt 602 and the toner 
images formed on the photosensitive members 1 0 becomes too weak, and insufficient toner is transferred to the paper. 
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Note that, to achieve the above electric resistance values for transfer belt 602 when a resin or rubber belt is used, the 
electric resistance value must be lowered by, for example, a conductive process being applied to the belt surface or 
addition of minute conductive particles to the raw material of the belt. If a metal belt is used, it is desirable that the 
surface of the belt be coated with a resistance layer that has the required electric resistance value. 
5 [0091] A fluoro coating is applied to the surface of transfer belt 602. This improves the release properties of the 
transfer belt in relation to the toner and makes it easier for the scraper blade to scrape off the toner adhering to transfer 
belt 602, thereby preventing transfer belt 602 from becoming dirty. 

[0092] The image formation raw materials used in the first embodiment of this invention are explained next. The 
liquid developing agent 508 used in the first embodiment is comprised of toner and a carrier liquid. The toner is com- 

10 prised of a an epoxy or similar resin as a binder, an electric charge control agent that gives a specific charge to the 
toner, color pigment, a dispersing agent that disperses the toner evenly, and so on. The composition of the toner is 
basically the same as the toner used in the liquid developing agents in the related art, but the formulae for the regulation 
of the electric charge characteristics and dispersion have been changed to suit silicone oil. If the average particle 
diameter of the toner is reduced, the resolution improves but the physical adhesive force also increases. This makes 

is the toner difficult to release during transfer. Thus, the average particle diameter of the toner used in the first embodiment 
is regulated such that most particles are about 2 to 4 u,m in order to improve ease of transfer. 
[0093] The viscosity of liquid developing agent 508 is determined by the types and concentrations of the carrier liquid, 
resin, color pigment, electric charge control agent, and other components that are used. For the first embodiment, 
various viscosities in the range from 50 to 6,000 mPa.s and various toner concentrations in the range from 5 to 40% 

20 were tested. 

[0094] A liquid with high electric resistance, such as dimethyl polysiloxane oil or a cyclic polydimethylsiloxane oil, is 
used as the carrier liquid. Note that, since the layer of liquid developing agent formed on developing belt 51 0 is formed 
as a thin film, the carrier liquid contained in the layer of liquid developing agent is only an extremely small amount. 
Therefore, the amount of carrier liquid included in the layer of liquid developing agent supplied to the surface of the 

25 latent image on photosensitive member 1 0 is also extremely small. As a result, only extremely small amounts of carrier 
liquid are absorbed by the paper or other recording medium during transfer. Therefore, if the viscosity is 1 ,000 mPa.s 
or less, remaining carrier liquid usually cannot be seen on the paper or other recording medium afterf using . Experiments 
performed by the inventors showed that, after fusing, remaining carrier liquid could not be seen on the paper when 
either DC344 from Dow Coming Corporation of America with a viscosity of 2.5 mPa.s or DC345 from Dow Corning 

30 Corporation of America with a viscosity of 6.5 mPa.s were used as the carrier liquid for the image printing tests. However, 
the developing apparatus must have a tightly sealed structure due to the high volatility of these liquids. Further image 
printing tests were performed using KF-96-20 from Shin-Etsu Silicone Co., Ltd. with a viscosity of 20 mPa.s as the 
carrier liquid. After fusing, remaining carrier liquid could not be seen on the paper and, furthermore, the volatility is low 
enough that the developing apparatus does not need a tightly sealed structure. DC344, DC345, and KF-96-20 are all 

35 jn general use in cosmetic products, have low toxicity, and are extremely safe. There are many types of similar carrier 
liquids containing silicone oil or similar components, including KF9937, from Shin-Etsu Silicone Co., Ltd. Any of these 
may be selected as long as they meet the electric resistance, vapour characteristic, surface tension, safety, and other 
requirements. 

[0095] Experiments performed by the inventors showed that fogging and adhesion of clusters of toner can occur if 
40 the surface tension is too high. Experiments showed that image quality problems occur if the surface tension is over 
21 dyne/cm. 

[0096] To avoid stability problems with the electric charge of the toner, an electric resistance value of 1 0 14 S2cm or 
more is desirable and a minimum value of 1 0 12 Qcrn or more is required. On the basis of the results of these experiments, 
an example in which DC345, which is inexpensive and easy to obtain, is used is given in the explanation of the first 
45 embodiment. 

[0097] A liquid which does not cause inaccuracies in the electrostatic latent images formed on the image bearing 
members, that vaporises easily during fusing, and that does not cause fogging or adhesion of clusters of toner is 
required as the pre-wet liquid. Examples include DC344, DC200-0.65, DC200-1 .0, and DC200-2.0 from Dow Corning 
Corporation of America and KF96L-1 and KF9937 from Shin-Etsu Silicone Co., Ltd. Generally, selection of a silicone 

so oil that vaporises easily is desirable. 

[0098] Experiments performed by the inventors showed that developing, transfer, and fusing dries the liquid without 
any problems occurring if the viscosity of the liquid is in the range from 0.5 to 3 mPa.s. However, with viscosities from 
about 5 to 6 mPa.s, both time and heat tend to be required to dry the liquid during fusing. A viscosity of 10 mPa.s is 
not normally used because too much energy is required for drying. If the viscosity is reduced to 0.5 mPa.s or less, the 

55 liquid becomes more volatile and is not suitable due to the applicability of constraints on handling dangerous substanc- 
es. In addition, a liquid with a boiling point of 250° C or less is desirable because the paper is affected by application 
of heat. 

[0099] The surface tension should be as low as possible in order to avoid an adhesive force between the developing 
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agent and the image bearing members, to improve the release properties and prevent the image becoming dirty, and 
to improve the resolution in the image quality. Experiments performed by the inventors showed that the limit is about 
20 to 21 dyne/cm and that a value below this must be selected. 

[0100] If the electric resistance is too low, the charge of the latent image leaks and the image fades. Therefore, a 
s liquid with an electric resistance that is as high as possible must be used. Experiments showed that an electric resist- 
ance of about 10 14 Qcm or more is desirable and a minimum value of 10 12 Ocm is required. 
[0101] The operation of multi-color image formation apparatus 1 of this embodiment is explained next. 
[0102] Note that the timing for the operations described above, from charging through to charge neutralization, takes 
into account the peripheral speed of transfer belt 602 such that the toner images, each formed on the photosensitive 
io member 1 0 of one of the toner image formation devices, are transferred to the paper sequentially at the positions that 
will provide proper registration. The transfer sequence is toner image formation device 2a, toner image formation device 
2b, toner image formation device 2c, then toner image formation device 2d. The timing for the operation of the toner 
image formation devices may also be determined by use of a sensor that detects the movement of the paper positioned 
on developing belt 602. 

15 [0103] First, as shown in Figure 3 (A), the surface of photosensitive member 10 is charged by charging apparatus 
30. Generally, a corona discharge device is used as charging apparatus 30. Next, the image on the charged photo- 
sensitive member 1 0 is exposed by, for example, a laser scanner to form an electrostatic latent image on the surface 
of photosensitive member 1 0. The parts hit by the light from the laser scanner are made conductive and therefore lose 
the electrical charge, as shown in Figure 3 (B). The parts not hit by the light remain as an electrically charged image, 

20 that is, as an electrostatic latent image. 

[0104] Then, as shown in Figure 3 (C), pre-wet apparatus 20 applies the above pre-wet liquid 220 to photosensitive 
member 10. When an external signal is input, pre-wet apparatus 20 moves pre-wet liquid supply element 202 into 
contact with photosensitive member 10. Pre-wet liquid 220 is circulated continuously Inside pre-wet liquid supply ele- 
ment 202 by means of pump 208. The pre-wet liquid 220 that exceeds the capacity of the pores in the Bell-eta used 

25 as pre-wet liquid supply element 202 is released from release side 202b of pre-wet liquid supply element 202, as shown 
in Figure 5, and also from the lower surface of pre-wet liquid supply element 202. This provides a uniform application 
of the pre-wet liquid to photosensitive member 1 0 without causing damage to photosensitive member 10. 
[01 05] Next, developing apparatus 50 makes the electrostatic latent image into a visible image. The liquid developing 

agent 508 that is stored in tank 502 is supplied to transport roller 504 by supply roller 502a. The liquid developing agent \ 
30 508 that is supplied from transport roller 504 is transported to application roller 506 then applied to developing belt 
510. A blade, roller, or other regulatory means regulates the thickness of the layer of liquid developing agent 508 
applied to developing belt 51 0 such that a thin film is formed on developing belt 51 0. The thin layer of liquid developing 
agent formed on developing belt 51 0 in this way is brought close to the electrostatic latent image formed on the surface 
of photosensitive member 10, as shown in Figure 3 (D), such that electrostatic force migrates the charged toner to 
35 photosensitive member 1 0 and forms a toner image on photosensitive member 1 0. 

[0106] Next, transfer apparatus 60 transfers the toner image from photosensitive member 1 0 to the paper which is 
the recording medium. Corona discharge device 606 charges transfer belt 602 with a charge of opposite polarity to 
the toner. Hence, as shown in Figure 3 (E), the toner image formed on photosensitive member 1 0 is transferred to the 
paper my means of the electrostatic force generated between the toner and transfer belt 602. Cleaning apparatus 70 
40 then removes the liquid developing agent 508 remaining on photosensitive member 1 0, and charge removal apparatus 
80 neutralises the charge on photosensitive member 10. 

[0107] Multi-color image formation apparatus 1 of this embodiment performs the above operations, from charging 
to charge neutralization, sequentially for toner image formation device 2a, toner image formation device 2b, toner 
image formation device 2c, then toner image formation device 2d. The timing of these operations is such that the toner 

45 images formed on the photosensitive members 10 are transferred to the paper sequentially at the positions that will 
provide proper registration. Thus, yellow, magenta, cyan, and black toner images are sequentially transferred to the 
paper to form a color image on the paper. Fusing heater 624 that is provided within fuser roller 622 of fusing apparatus 
620 thermally fuses the transferred toner and fixes it to the paper, as shown in Figure 3 (F). Then, the paper to which 
the color image is fixed is ejected externally by paper eject apparatus 630. 

so [0108] Figures 6 to 10 explain the details of the developing process in the first embodiment of this invention. Figure 
6 shows the overall developing process, Figure 7 shows the details of the contact process, Figure 8 shows the details 
of the toner migration process, Figure 9 shows the separation process at the non-image parts, and Figure 10 shows 
the separation process at the image parts. Unlike developing processes in the related art, the developing process of 
this embodiment can be thought of as consisting of the following three processes, as shown in Figure 6: the contact 

55 process in which the developing belt contacts the photosensitive member and the liquid developing agent contacts the 
pre-wet liquid layer; the toner migration process in which the liquid developing agent layer and the pre-wet liquid layer 
make soft contact, allowing the toner to migrate; and the separation process in which the developing belt separates 
from the photosensitive member and the toner adhering to the developing belt separates from the toner adhering to 
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the photosensitive member. 

[0109] Developing belt 510 is constructed as a flexible belt-type element. This allows the tension of developing belt 
510 to be adjusted such that the contact force is distributed when the liquid developing agent layer on developing belt 
510 and the pre-wet liquid layer on photosensitive member 10 touch, as shown in Figure 7. Thus the layer of highly 

5 viscous liquid developing agent, comprised of a carrier liquid and toner, and the pre-wet liquid layer form a soft contact. 
During the contact process, a minute gap d is formed between developing belt 506 and photosensitive member 10 by 
means of the liquid developing agent layer and the pre-wet liquid layer. Note that some of the pre-wet liquid, which has 
the lower viscosity of the two liquids, is pushed out to produce a liquid bank of pre-wet liquid. 
[0110] During the toner migration process, the electrical field formed between the electric charge on photosensitive 

10 member 1 0 and developing belt 51 0 causes the toner at the image parts to migrate, as shown in Figure 8, to the latent 
image surface through the medium of the pre-wet liquid layer, mainly by means of the Coulomb force. At the non-image 
parts, the surface of photosensitive member 10 and the liquid developing agent layer are basically separated by the 
pre-wet liquid layer and, therefore, unnecessary toner does not adhere to the surface of photosensitive member 1 0. 
[0111] During the separation process, the liquid developing agent layer basically remains on developing belt 510 at 

15 the non-image parts, as shown in Figure 9. 

[01 12] When the pre-wet liquid layer and the liquid developing agent layer separate at their interface into two layers, 
part of the pre-wet liquid layer, which has the lower viscosity, is transferred to the liquid developing agent layer to 
achieve the separation. Accordingly, the separation point for the two layers can be seen as being a point within the 
pre-wet liquid layer. At the image parts, the toner that has migrated to the surface of photosensitive member 1 0 pushes 

20 the pre-wet liquid layer away such that the pre-wet liquid layer is located on top of the toner layer and the separation 
is made at a point within that pre-wet liquid layer, as shown in Figure 10. Some of the carrier liquid that remains on 
developing belt 51 0 after the toner has migrated and some of the pre-wet liquid form a layer. The pre-wet liquid remaining 
on photosensitive member 10 can be moved easily during the subsequent transfer process by the electrostatic force 
of the toner. 

25 [01 1 3] Figure 1 1 shows the significance of the liquid developing agent being in the form of a thin film. If the layer of 
liquid developing agent applied to developing belt 510 is too thick, the high viscosity of liquid developing agent 508 
causes excessive toner adherence, which produces image noise. This is because the excessive viscosity between the 
toner selection that should be moved from developing belt 510 to the surface of photosensitive member 10 by the 
electrostatic force forms a cluster with the surrounding toner and the cluster moves to photosensitive member 1 0. To 

30 suppress the formation of such clusters, the value of the minimum layer thickness of liquid developing agent layer that 
will provide good developing results must be determined. 

[01 14] Figure 12 shows how hard contact is made between a developing roller formed from a rigid body, used as a 
developing agent bearing member, and a photosensitive member, and Figure 13 shows the soft contact achieved in 
this embodiment. As explained above, the function of the pre-wet liquid layer during the developing process is of major 

35 importance to image formation in this embodiment. Accordingly, maintenance of the two-layer structure of the pre-wet 
liquid layer and the liquid developing agent layer is an important precondition of the developing process. If a developing 
roller and a photosensitive member are brought into hard contact as shown in Figure 12, the two-layer structure cannot 
be maintained. Therefore, in this embodiment, developing belt 51 0 formed from a flexible belt-type element is used as 
the developing agent bearing member. The tension of developing belt 510 is adjusted such that the contact force is 

40 distributed when the liquid developing agent layer on developing belt 51 0 and the pre-wet liquid layer on photosensitive 
member 10 touch. As a result, the liquid developing agent layer and pre-wet liquid layer can be made to touch while 
maintaining a two-layer structure, and minute gap d is formed between developing belt 51 0 and photosensitive member 
10 through the medium of the liquid developing agent layer and the pre-wet liquid layer. 

[0115] Next, optimization of the liquid developing agent layer thickness, pre-wet layer thickness, and the developing 
« gap is explained. The liquid developing agent layer must be thin if the viscosity of the liquid developing agent is 50 to 
1 00 mPa.s or higher, and particularly so if the viscosity is 500 mPa.s or higher. The ideal layer thickness is just a little 
thicker than the layer thickness that can supply the toner developing capacity (that is, the concentration when a single 
color is applied to a large area) required during developing. This is because* when a highly viscous liquid developing 
agent is used, the electrostatically selected toner brings excess toner along with it when migrating to the photosensitive 
50 member during developing due to the viscosity of the liquid. This results in the adhesion of superfluous toner and 
causes images to become dirty. The experiments performed by the inventors concerning developing agents with high 
toner concentrations showed that good images can be obtained using layer thicknesses starting from 5 urn, or using 
up to about 40 u.m for comparatively lower toner concentrations. In addition, if a developing agent with a toner con- 
centration of 20 to 30% is used, good image quality can be obtained using toner layer thicknesses of about 8 to 20 um 
55 [0116] The optimum value for the thickness of the pre-wet liquid layer depends on the viscosity and surface tension 
of the selected pre-wet liquid. If the layer is too thin, the highly viscous liquid developing agent adheres to the photo- 
sensitive member in a disorderly manner, which causes images to become dirty. The optimum value can be confirmed 
if the images become cleaner as the quantity of pre-wet liquid is increased. As the quantity of pre-wet liquid is increased 
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even further, the latent image electric charge flows causing the clarity and resolution to deteriorate, the toner spreads 
during developing, and the image tends to fade. In experiments in which DC344 was used, good results were obtained 
with thicknesses of 30 u.m or less, and even better results with thicknesses of 20 u,m or less. With liquids with even 
lower viscosities, good results can be obtained with both thinner and thicker layers. The range of optimum values tends 
to be narrower with more highly viscous liquids. 

[0117] As with the developing methods in related art, the image quality attributes of resolution and the uniformity of 
the density in solid parts improves as the gap between the photosensitive member and the developing belt is made 
smaller. When powder developing agents are used, the toner to be used for developing is freed from the developing 
agent bearing member or carrier particles by mechanical impact and electrostatic force. However, in the highly viscous 
liquid developing agent used in the first embodiment, the adhesive force between the toner particles is too strong to 
allow use of this type of developing. In other words, developing does not take place through the medium of an air space 
between the liquid developing agent layer and the photosensitive member. Rather, contact between developing belt 
510 and the liquid developing agent layer, between the liquid developing agent layer and the pre-wet liquid layer, and 
between the pre-wet liquid layer and the photosensitive member is mandatory. Therefore, developing gap d must be 
no larger than the sum of the thicknesses of the developing agent layer and the pre-wet liquid layer, but large enough 
to avoid disturbing the layers. In this embodiment, the tension of developing belt 510 is set in accordance with differ- 
ences in the developing agent viscosity and the toner concentration such that, when the pre-wet liquid layer on pho- 
tosensitive member 1 0 and the liquid developing agent layer on developing belt 51 0 touch, gap d is from 8 ujti to 50 u,m. 
[01 1 8] Table 1 shows the results of image printing experiments performed under the above conditions. These results 
indicate that the most suitable viscosity ranges for the developing agent and the pre-wet liquid in the developing method 
of this embodiment are developing agent viscosity values from 100 mPa.s to 6,000 mPa.s and pre-wet liquid viscosity 
values from 0.5 to 5 mPa.s. The image quality is affected by the thickness of the layer of liquid developing agent on 
the developing belt, the thickness of the pre-wet liquid layer, the developing gap, and other factors, but even if the 
various developing conditions are optimised, the general trends shown in Table 1 apply, and the test results confirm 
that the optimum characteristics for the liquid developing agent are within the ranges shown in Table 1. The Dow 
Coming DC200 series was used as the pre-wet liquid silicone oil, and Dow Corning DC345 was used as the carrier 
liquid in the developing agent. 



11 



EP0 756 213 B1 



Table 1 



5 








Viscosity of pre- 


wet liquid (mPa.s) 








(mPa.s) 


Toner 
concen- 


0.65 


1.5 


3.0 


5.0 


10 


10 






tration 
(%) 














Viscosity 


50 


5 


Image density tends to be low, and the 


Vaporisat- 


15 


of 






uniformity of the toner distribution 


ion of oil 




developin 
9 






deteriorates slightly 




remaining 


20 


agent 


100 


10 


Density tends to be 


Vaporisation 


on the 










slightly low 




of oil 


paper is 


25 




500 


20 


Good quality images 


remaining 


too slow 
to 




1,000 


22 


(both density and 


on the 


be 






2,000 


25 


resolution) can be 


paper is 


practical 






3,000 


30 


obtained 




slow 




30 




6,000 


40 








(practical 
limit) 





35 [0119] The first embodiment of this invention is provided with toner image formation device 2a that forms yellow 
toner images, toner image formation device 2b that forms magenta toner images, toner image formation device 2c that 
forms cyan toner images, and toner image formation device 2d that forms black toner images. A toner image of the 
corresponding color, yellow, magenta, cyan, or black, is formed on the photosensitive member 1 0 of each of the toner 
image formation devices, and the toner images formed on these photosensitive members 10 are transferred sequen- 

40 tially to the recording medium, thereby enabling high-speed image printing. 

[0120] In addition, in the first embodiment of this invention, silicone oil is used as the carrier liquid in the liquid de- 
veloping agent. In comparison with the carrier liquids in the related art, silicone oil has the advantages described below. 
[0121] In the liquid developing agents in related art, IsoparG (registered trademark of the Exxon Corporation) is 
generally used as the carrier liquid. Since the resistance value for Isopar is not as high as for silicone oil, the toner 

45 charge properties deteriorate as the toner concentration is increased, that is, as the space between particles becomes 
smaller. Accordingly, the toner concentration levels in Isopar are limited. In contrast, the silicone oil used in this em- 
bodiment has a sufficiently high resistance value to allow increases in the toner concentration. Generally, the toner 
disperses well in Isopar and, therefore, the toner particles tend to repel each other even when the toner concentration 
is 1 to 2%, allowing uniform toner dispersion. In contrast, toner does not disperse well in silicone oil at concentrations 

so of 1 to 2% and precipitates easily. However, if the toner concentration is increased to a level from 5 to 40%, the toner 
becomes tightly packed and disperses evenly. Thus, a highly viscous liquid developing agent in which the toner is very 
densely dispersed is used in this embodiment. As a result, the volume of developing liquid can be greatly reduced in 
comparison with the low-concentration liquid developing agents in the related art, and reduction in the size of the 
developing apparatus can be achieved. Furthermore, since the liquid developing agent used in this embodiment is a 

55 highly viscous liquid, handling and storage is easier than with the low-viscosity liquid developing agents and powder 
developing agents of related art. 

[01 22] The Isopar used in the liquid developing agents in the related art is highly volatile and releases an unpleasant 
odour, as mentioned above. This adversely affects the work environment and causes environmental problems. In con- 
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trast, the silicone oil used in this embodiment is a safe liquid, as amply evidenced by its use in cosmetic products, and 
is odourless. Thus, use of this embodiment can improve the work environment and avoid environmental problems. 
[0123] In addition, in the first embodiment of this invention, use of transfer belt 602 formed from a flexible belt-type 
element as the transfer member enables the contact pressure to be distributed when the toner images, each formed 
5 on the surface of the electrostatic latent image on a photosensitive member 1 0, touch the paper used as the recording 
medium. This prevents the occurrence of image inaccuracies and allows the toner images to be transferred to the 
paper without the image spreading. 

[0124] Further, in the first embodiment, use of developing belt 51 0 formed from an elastic belt-type element as the 
developing agent bearing member allows the tension of developing belt 510 to be adjusted and allows the contact 

10 force to be distributed when the liquid developing agent layer formed on developing belt 510 touches the pre-wet liquid 
layer formed on photosensitive member 10. As a result, the liquid developing agent layer and pre-wet liquid layer can 
maintain a two-layer structure when they are brought into contact during the developing process. This can prevent the 
occurrence of inaccuracies in the pre-wet liquid layer and, consequently, prevent adhesion of toner to the non-image 
parts on the photosensitive member and prevent the occurrence of image inaccuracies. 

is [0125] Note that the transfer apparatus explained in the above description of the first embodiment uses corona dis- 
charge device 606 to charge transfer beft 602 with a charge of opposite polarity to the toner and thereby transfers to 
the paper the toner images, each formed on the surface of the latent image on a photosensitive member 10, but this 
invention is not restricted in this matter. 

The transfer apparatus may, for example, use rubber rollers that have low electric resistance values and to which 
20 minute conductive particles have been added as the support rollers 608a and 608b that support transfer belt 602. A 
bias voltage is then applied to these support rollers in order to apply the bias voltage to transfer belt 602 and transfer 
the toner images. Alternatively, as shown in Figure 14, conductive sponge roller 607 may press from the back of 
developing belt 602 at the points of transfer between developing belt 602 and the photosensitive members 10 to give 
an appropriate degree of pushing force and a bias voltage may be applied to sponge roller 607 in order to transfer the 
25 toner images. In this case, support rollers 608a and 608b are not earthed. 

[0126] The above description of the first embodiment describes use of transfer belt 602, formed from a flexible belt- 
type element, as the transfer member, but this invention is not restricted in this matter. The transfer member may be 
an elastic cylindrical member. In addition, if the image bearing members are formed as flexible belt-type elements, a 
roller formed from a metal or other conductive material may be used as the transfer member. Furthermore, the transfer 
30 apparatus is not restricted to one transfer member. Multiple transfer members may be provided, one for each of the 
photosensitive members provided for the toner image formation steps, and a transport belt or similar may transport 
the paper between each of the transfer members. 

[0127] The second embodiment of this invention is explained next, with reference to Figure 15. 
[0128] Figure 15 is an overview of the structure of the multi-color image formation apparatus that is the second 
35 embodiment of this invention. Note that the components in the multi-color image formation apparatus shown in Figure 
1 5 that have the same function as components in the first embodiment are given the same or related reference numbers 
and detailed explanations for those functions are omitted. 

[01 29] The difference between multi-color image formation apparatus 3 that is the second embodiment of this inven- 
tion and multi-color image formation apparatus 1 that is the first embodiment is that transfer apparatus 64 replaces 

40 transfer apparatus 60, as shown in Figure 15. Transfer apparatus 64 is provided with intermediate transfer belt 642, 
which is the intermediate transfer member for the first-stage transfer step, drive rollers 644a and 644b that provide 
rotational drive for intermediate transfer belt 642, support rollers 648a and 648b that support intermediate transfer belt 
642 such that part of the belt contacts the photosensitive member 10 provided for each of the toner image formation 
devices and that are earthed to neutralise the charge on intermediate transfer belt 642, corona discharge device 646 

45 that applies a charge of opposite polarity to the toner to intermediate transfer belt 642 at the points of contact between 
intermediate transfer belt 642 and each of the photosensitive members 10 provided by the toner image formation 
devices, and second-stage transfer roller 643, which is the second-stage transfer member for the second-stage transfer 
step, provided such that it can be moved away from intermediate transfer belt 642. 

[0130] Intermediate transfer belt 642 is rotated in the opposite direction to the direction of rotation of the photosen- 
50 sitive members 10 by drive rollers 644a and 644b. A flexible belt element is used as intermediate transfer belt 642. 
For example, a metal belt such as a seamless nickel belt, a resin belt such as a polyimide film belt or PET film belt, or 
a rubber belt can be used. This allows the contact pressure to be distributed when intermediate transfer belt 642 
touches the toner image formed on each of the photosensitive members 10. Note that, if a resin or rubber belt is used, 
a conductive process for the belt surface or addition of minute conductive particles to the belt raw material is required 
55 in order to provide the required electric resistance value. If a metal belt is used, it is desirable to coat the belt surface 
with a resistance layer. 

[0131] A surface layer of teflon, silicone, or other material that has good release properties is formed on intermediate 
transfer belt 642. This weakens the physical adhesive force between the toner and intermediate transfer belt 642 and 
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facilitates migration of the toner to the paper. 

[0132] Second-stage transfer roller 643 rotates in the opposite direction to the direction of rotation of intermediate 
transfer belt 642 such that the paper transported by paper supply apparatus 61 0 is fed between intermediate transfer 
belt 642 and second-stage transfer roller 643. At this time, second-stage transfer roller 643 is pressed against inter- 

5 mediate transfer belt 642 through the medium of the paper. Second-stage transfer roller 643 is connected to power 
supply apparatus (not illustrated), which applies a second-stage transfer bias to second-stage transfer roller 643. 
[0133] A fluorine coating is given to the surface of second-stage transfer roller 643. This provides good release 
properties in relation to the toner, facilitates removal of toner that has adhered to second-stage transfer roller 643, and 
can prevent second-stage transfer roller 643 from becoming dirty. 

10 [0134] By means of the structure described above, transfer apparatus 64 first sequentially transfers to intermediate 
transfer belt 642 the toner images, each formed on the photosensitive member provided for one of the toner image 
formation devices, timing the transfers to achieve proper registration, and thereby forms a full-color toner image on 
intermediate transfer belt 642. Next, the full-color toner image formed on intermediate transfer belt 642 is transferred 
to the paper in the second-stage transfer by means of the pushing force of second-stage transfer roller 643 against 

15 intermediate transfer belt 642 and by the electromagnetic force generated by the second-stage transfer bias applied 
to second-stage transfer roller 643. In this way, a color image is formed on the paper. Note that the other operations 
of multi-color image formation apparatus 3 of the second embodiment are the same as for the first embodiment and, 
therefore, details of these are omitted, 

[0135] In the second embodiment of this invention, the toner images, each formed on the photosensitive member 
20 1 o provided for one of the toner image formation devices, are transferred sequentially to intermediate transfer belt 642 
and thereby form a full-color toner image on intermediate transfer belt 642. Since the second-stage transfer then trans- 
fers to the recording medium the full-color toner image that has been formed on intermediate transfer belt 642, paper 
alignment and similar matters do not require as much consideration as when the toner images, each formed on one 
of the photosensitive members, are sequentially transferred directly to paper. Thus, it is easier to achieve proper reg- 
25 istration when the color image is transferred to the paper. Other results are the same as for the first embodiment. 

[0136] Note that, in the second embodiment described above, the transfer apparatus uses corona discharge device 
646 to charge intermediate transfer belt 642 with an electric charge of opposite polarity to the toner and thereby transfers 
the toner images, each formed on the surface of the latent Image on one of the photosensitive members 10, to inter- 
mediate transfer belt 642 in the first-stage transfer, but this invention is not restricted in this matter. The transfer ap- 
se? paratus may, for example, use rubber rollers that have low electric resistance values and to which minute conductive 
particles have been added as support rollers 648a and 648b that support intermediate transfer belt 642. A bias voltage 
may then be applied to support rollers 648a and 648b in order to apply the bias voltage to intermediate transfer belt 
642 and transfer the toner image. Alternatively, as shown in Figure 14, conductive sponge roller 607 may press from 
the back of intermediate transfer belt 642 at the points of transfer between intermediate transfer belt 642 and the 
35 photosensitive members 1 0 to give an appropriate degree of pushing force and a bias voltage may be applied to sponge 
roller 607 in order to achieve the first-stage transfer of the toner image. In this case, support rollers 648a and 648b are 
not earthed. 

[0137] The above description of the second embodiment describes use of intermediate transfer belt 642, formed 
from a flexible belt-type element, as the intermediate transfer member, but this invention is not restricted in this matter. 
40 The intermediate transfer member may be an elastic cylindrical member. In addition, if the image bearing members 
are formed as flexible belt-type elements, a drum formed from a metal or other conductive material may be used as 
the intermediate transfer member. 

[0138] In addition, the above description of the second embodiment describes transfer apparatus in which the full- 
color toner image formed on intermediate transfer belt 642 is transferred to the paper in the second-stage transfer by 

45 means of the pushing force of second-stage transfer roller 643 against intermediate transfer belt 642 and by the elec- 
tromagnetic force generated by the second-stage transfer bias applied to second-stage transfer roller 643, but this 
invention is not restricted in this matter. Any transfer apparatus that can perform the second-stage transfer of the full- 
color toner image formed on intermediate transfer belt 642 to the paper may be used. For example, if a fusing heater 
is provided inside second-stage transfer roller 643 and/or drive roller 644a and heat is applied to the toner on interme- 

so diate transfer belt 642, the image can be fixed to the paper at the same time as the second-stage transfer step transfers 
the full-color toner image formed on intermediate transfer belt 642 to the paper. 

[0139] For the first and second embodiments described above, toner image formation device 2a that forms yellow 
toner images, toner image formation device 2b that forms magenta toner images, toner image formation device 2c that 
forms cyan toner images, and toner image formation device 2d that forms black toner images have been described, 
55 but this invention is not restricted in this matter. The multi-color image formation apparatus of this invention may, de- 
pending on requirements, provide only two or three toner image formation devices that each form a toner image of a 
specified color on a photosensitive member 10. 

[0140] For the pre-wet apparatus in the first and second embodiments described above, apparatus that uses pre- 
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wet liquid supply element 202 to apply pre-wet liquid 220 to the surface of the photosensitive members 10 was de- 
scribed, but this invention is not restricted in this matter. Any pre-wet apparatus that can evenly apply a fixed quantity 
of pre-wet liquid to the surface of a photosensitive member may be used. For example, the pre-wet liquid may be 
discharged from multiple radial nozzles and applied, a roller may be used to apply the pre-wet liquid, or a sponge roller 

5 may be used to apply the pre-wet liquid. 

[0141] Further, for the developing agent bearing members in the first and second embodiments described above, 
use of developing belt 510 formed from a flexible belt-type element was explained, but this invention is not restricted 
in this matter. Each of the developing agent bearing members may be a conductive developing roller formed from a 
metal or other rigid element or from an elastic element. However, if a developing roller formed from a rigid element is 

10 used, a member formed from a flexible belt-type element must be used as the image bearing member or the developing 
roller must be positioned such that minute gap d is formed between the developing roller and the photosensitive member 
such that the two-layer structure of the liquid developing agent layer formed on the developing roller and the pre-wet 
liquid layer formed on the photosensitive member is maintained when the layers touch. 
[0142] The third embodiment of this invention is explained next with reference to Figures 16 and 17. 

15 [0143] Figure 16 is an overview of the structure of the multi-color image formation apparatus that is the third embod- 
iment of this invention, and Figure 17 is an overview of the structure of an image formation device that can be used 
by the multi-color image formation apparatus shown in Figure 16. Note that the components of the multi-color Image 
formation apparatus of this embodiment that have the same function as components in the first embodiment are given 
the same or related reference numbers and detailed explanations for those functions are omitted. 

20 [0144] Multi-color image formation apparatus 4, which is the third embodiment of this invention, is provided with 
image formation devices 5a, 5b, 5c, and 5d (hereafter referred to.simply as image formation devices), each of which 
forms an image corresponding to yellow, magenta, cyan, or black developing agent on the recording medium, paper 
supply apparatus 61 0, fusing apparatus 620, transport devices 632a, 632b, and 632c, and paper eject apparatus 630, 
as shown in Figure 16. 

25 [01 45] Each image formation device, as shown in Figure 1 7, is provided with photosensitive member 1 0 as the image 
bearing member, pre-wet apparatus 25 that applies pre-wet liquid to photosensitive member 10, charging apparatus 
30 that charges photosensitive member 1 0, exposure apparatus 40 that exposes the image on photosensitive member 
10, developing apparatus 55 that supplies toner to the parts of photosensitive member 1 0 where an electrostatic latent 
image is formed and thereby makes a visible image from the electrostatic latent image, transfer apparatus 66 that 

30 transfers the toner image formed on photosensitive member 10 to the specified paper, cleaning apparatus 75 that 
removes the toner remaining on photosensitive member 10, and charge removal apparatus 80 that neutralizes the 
charge on the charged photosensitive member 1 0. Paper supply apparatus 61 0 supplies the specified paper to image 
formation device 5a. Fusing apparatus 620 fixes the toner image that has been transferred to the paper. Transport 
apparatus 632a transports the paper from image formation device 5a to image formation device 5b. Transport apparatus 

35 632b transports the paper from image formation device 5b to image formation device 5c. Transport apparatus 632c 
transports the paper from image formation device 5c to image formation device 5d. Paper eject apparatus 630 ejects 
externally the paper to which the toner has been fixed. 

[0146] Photosensitive member 10, charging apparatus 30, exposure apparatus 40, charge removal apparatus 80, 
paper supply apparatus 610, fusing apparatus 620, and paper eject apparatus 630 are the same as components in 
40 the first embodiment. In addition, the technology used in paper supply apparatus 61 0 and paper eject apparatus 630 
can be applied in transport apparatus 632a to 632c. Therefore, explanations of the above components are omitted and 
the main parts of this embodiment, pre-wet apparatus 25, developing apparatus 55, transfer apparatus 66, and cleaning 
apparatus 75, are explained below. 

[01 47] Pre-wet apparatus 25 of this embodiment is provided with tank 252 that stores the pre-wet liquid 220 described 
45 for the first embodiment, supply roller 252a disposed such that it is partly immersed in the pre-wet liquid 220 in tank 
252, transport roller 254 disposed such that it contacts supply roller 252a, and application roller 256 disposed such 
that it contacts transport roller 254 and photosensitive member 10. 

[0148] Supply roller 252a rotates in the opposite direction to the direction of rotation of transport roller 254 and thereby 
supplies the pre-wet liquid 220 stored in tank 252 to transport roller 254. Transport roller 254 rotates in the opposite 

so direction to the direction of rotation of application roller 256 and thereby transports to application roller 256 the pre- 
wet liquid 220 that was supplied by supply roller 252a. Application roller 256 rotates in the opposite direction to the 
direction of rotation of photosensitive member 1 0 and thereby applies pre-wet liquid 220 to the surface of photosensitive 
member 1 0. in this way, a thin layer of pre-wet liquid is formed on photosensitive member 10. Rollers are used to supply 
pre-wet liquid 220 to photosensitive member 1 0 because, if photosensitive member 1 0 is rotated at higher speeds than 

55 jn the related art, the rotation speed of the rollers can be increased in order to enable supply of the desired quantity of 
pre-wet liquid 220 to the surface of photosensitive member 1 0. Thus, high-speed image printing can be achieved. Note 
that the transport roller provided between supply roller 502a and application roller 506 need not be restricted to one 
roller. Multiple transport rollers may be provided. Alternatively, if a thin uniform layer of pre-wet liquid 220 can be applied 
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to the surface of photosensitive member 10, a transport roller is not necessarily required. 

[01 49] Note that it is desirable to use rollers that have good lyophilic properties as supply roller 252a, transport roller 
254, and application roller 256 in order to apply pre-wet liquid 220 to the surface of photosensitive member 10 as a 
thin uniform layer. Various rollers that have good lyophilic properties are available, such as ceramic rollers (manufac- 

s tured by Nippon Steel Corporation) in which alumina and titania are the main components and for which a special 
surface process is performed, and BEET (manufactured by Miyagawa Roller Corporation) formed from a synthetic resin. 
[0150] Developing apparatus 55 of this embodiment is provided with developing roller 550 as the developing agent 
bearing member, tank 552 that is formed from a metal or other conductive element and that stores the liquid developing 
agent 508 that is described in detail under the first embodiment, supply roller 552a disposed such that it is partly 

10 immersed in the liquid developing agent 220 in tank 552, transport roller 554 disposed such that it contacts supply 
roller 552a, application rollers 556a and 556b disposed such that they contact transport roller 554 and developing roller 
550, first removal roller 558 that removes the pre-wet liquid adhering to developing roller 550, and second removal 
roller 562 that removes the liquid developing agent adhering to developing roller 550. 

[0151] Tank 552 of image formation device 5a stores liquid developing agent 508a containing yellow toner, tank 552 
15 of image formation device 5b stores liquid developing agent 508b containing magenta toner, tank 552 of image forma- 
tion device 5c stores liquid developing agent 508c containing cyan toner, and tank 552 of image formation device 5d 
stores liquid developing agent 508d containing black toner. 

[0152] Supply roller 552a rotates in the opposite direction to the direction of rotation of transport roller 554 and thereby 
draws up the liquid developing agent 508 stored in tank 552 and supplies It to transport roller 554. Power supply 

20 apparatus 563 is connected to supply roller 552a and tank 552 is earthed. 

[01 53] Developing apparatus 563 applies a bias voltage to supply roller 552a and the electric field generated between 
the supply roller and tank 552 is used to regulate the quantity of liquid developing agent 508 that is drawn up. 
[01 54] Transport roller 554 rotates in the opposite direction to the direction of rotation of application rollers 556a and 
556b and thereby transports to application rollers 556a and 556b the liquid developing agent 508 that was supplied 

25 by supply roller 552a. Note that a bias voltage may be applied to transport roller 554 and this bias may be used to 
regulate the quantity of liquid developing agent 508 transported to application rollers 556a and 556b. 
[0155] Application rollers 556a and 556b rotate in the opposite direction to the direction of rotation of developing 
roller 550 and thereby apply to the surface of developing roller 550 the liquid developing agent 508 that has been 
transported by transport roller 554. The reason for using the two application rollers 556a and 556b is to make the thin 

30 layer of liquid developing agent 508 on the developing roller more uniform. Since application rollers 556a and 556b 
touch developing roller 550, it is desirable that the rollers themselves have a high resistance. Good results can be 
obtained if, for example, the electric resistance of the application rollers is about 1 0 10 to cm 1 0 13 Qcm when a developing 
roller with an electric resistance value of about 1 0 3 £2cm is selected. Note that a bias voltage may be applied to appli- 
cation rollers 556a and 556b and this bias may be used to regulate the quantity of liquid developing agent 508 applied 

35 to developing roller 550. However, in order to facilitate the movement of liquid developing agent 508 from application 
rollers 556a and 556b to developing roller 550, the bias voltage applied to application rollers 556a and 556b should 
be smaller than the developing bias voltage applied to developing roller 550. The number of application rollers need 
not necessarily be two, but may be one or three or more. The number of application rollers should be determined on 
the basis of the required image quality. 

40 [01 56] Table 2 shows examples of the relationships between the bias voltages and the quantity of coating when the 
liquid developing agent is applied to the developing roller when the toner has a positive charge. 



Table 2 



Developing roller 


Developing bias example: -150 V 


Application rollers 


If higher than -150 V: Applied quantity increases 
If lower than -150 V: Applied quantity decreases 


Transport roller 


If higher than the voltage applied to the application rollers: Transported quantity increases 
If lower than the voltage applied to the application rollers: Transported quantity decreases 
(If supplied from the supply roller: Transport roller voltage < Supply roller voltage) 
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Table 2 (continued) 



Supply roller 



Instantaneous supply: Bias is applied only at time of supply, and tank is always earthed 



5 [01 57] Table 3 shows examples of the relationships between the bias voltages and the quantity of coating when the 
liquid developing agent is applied to a developing roller or developing belt in image formation apparatus that performs 
inverted developing. 



Table 3 



Developing roller 


Developing bias example: 500 V 


Application rollers 


If higher than 500 V: Applied quantity increases 
If lower than 500 V: Applied quantity decreases 


Transport roller 


If higher than the voltage applied to the application rollers: Transported quantity increases 
If lower than the voltage applied to the application rollers: Transported quantity decreases 
(If supplied from the supply roller: Transport roller voltage < Supply roller voltage) 


Supply roller 


Instantaneous supply: Bias is applied only at time of supply, and tank is always earthed 
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[01 58] Developing roller 550 is positioned such that it contacts photosensitive member 1 0 and rotates in the opposite 
direction to the direction of rotation of photosensitive member 1 0 and thereby transports to the surface of the latent 
image on photosensitive member 10 the liquid developing agent 50B that has been applied by application rollers 556a 
and 556b. Developing roller 550 has a core formed as a rigid body of stainless steel or similar, an elastic layer formed 
around the periphery of the core, and a surface layer formed on the surface of the elastic layer. As a result, the pushing 
force of developing roller 550 against photosensitive member 1 0 is regulated, the contact pressure is distributed when 
the liquid developing agent layer formed on developing roller 550 touches the pre-wet liquid layer formed on photo- 
sensitive member 1 0, and a minute gap is formed between developing roller 550 and photosensitive member 1 0 through 
the medium of the liquid developing agent layer and the pre-wet liquid layer. Therefore, the liquid developing agent 
layer formed on developing roller 550 and the pre-wet liquid layer formed on photosensitive member 10 can be made 
to touch while maintaining a two-layer structure that allows the two layers to be distinguished from each other. Note 
that the preferred degree of hardness for developing roller 550 is from 5 to 60 degrees JIS-A. If the hardness is less 
than 5 degrees JIS-A, the roller is too soft and does not easily hold the required shape. If the hardness is greater than 
60 degrees JIS-A, the roller is too hard and it becomes necessary to mount developing roller 506 in such a way that 
a minute gap is formed between developing roller 550 and photosensitive member 10. This is necessary in order to 
maintain the two-layer state of the liquid developing agent layer on developing roller 550 and the pre-wet liquid layer 
on photosensitive member 10 when the two layers touch, but complicates the mounting of developing roller 550. 
[01 59] The material used to form the elastic surface on developing roller 550 may be a foam-type material such as 
polystyrene, polyethylene, polyurethane, polyvinyl chloride, or nitrile butadiene rubber (NBR), or a rubber material with 
a low degree of hardness such as silicone rubber or urethane rubber. However, if rubber materials are usually used in 
their elastic deformed state over a period of years, the change in shape may become permanent such that the material 
does not return to the original shape of the roller. Therefore, if possible, use of a foam-type material is preferred as the 
material that forms the elastic surface. Note that a rubber element may be used to form the elastic layer around the 
core, and a further elastic layer may be formed from a foam-type material on the surface of that layer. The surface 
layer of developing roller 550 is formed from a conductive material that is not caused to swell by the silicone oil that is 
the carrier liquid in liquid developing agent 508. An electric resistance value of about 10 3 Qcm is desirable for the 
conductive material to allow an electrical developing bias to be applied to developing roller 550 by power supply ap- 
paratus 564, as shown in Figure 17. Various methods can be used to form the surface layer. For example, a coating 
of a synthetic rubber compound in which conductive particles, such as carbon black, are dispersed can be formed on 
the surface of the flexible layer. Or, the flexible surface may be covered with a heat-shrink tube and heat may be applied 
to shrink the tube. Alternatively, an elastic material may be poured into a conductive tube and the foam formation 
process for the elastic material may take place inside the tube such that the elastic layer is formed inside the surface 
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layer. A resin tube, such as a potyimide, polycarbonate, or nylon may be used as the conductive tube, or a nickel or 
other type of metal tube may be used. A resin tube, such as perfluoroalkoxy resin (PFA) or pofytetrafluoroethylene 
(PTFE) may be used as a conductive heat-shrink tube. For the above tubes, endless tubes without joins are preferred. 
Note that a surface layer need not be formed on the surface of the elastic layer if the elastic layer is formed from an 

5 elastic material such as urethane rubber that is not made to swell by silicone oil. However, it is necessary that developing 
roller 550 have the required electric resistance value, that is, about 10 3 Qcm, such that an electrical developing bias 
can be applied by power supply apparatus 564, as shown in Figure 17. This value can be obtained by performing a 
conductive process on the surface of the elastic layer or by adding minute conductive particles to the material from 
which the elastic layer is formed. 

10 [0160] First removal roller 558 is positioned such that it contacts developing roller 550 and rotates in the opposite 
direction to the direction of rotation of developing roller 550. As shown in Figure 1 7, power supply apparatus 565 
charges first removal roller 558 with a charge of the same polarity as the toner. This enables the liquid developing 
agent remaining on developing roller 550 after the end of the developing process and the pre-wet liquid 220 that has 
moved from photosensitive member 1 0 to the developing roller to be separated from each other such that only the p re- 
's wet liquid 220 adheres to first removal roller 558 and is removed from developing roller 550. 

[0161] Second removal roller 562 is positioned such that it contacts developing roller 550 and rotates in the opposite 
direction to the direction of rotation of developing roller 550. As shown in Figure 17, power supply apparatus 566 
charges second removal roller 562 with a charge of the opposite polarity to the toner. This causes the liquid developing 
agent remaining on developing roller 550 after the end of the developing process to adhere to the surface of second 

20 removal roller 562 and removes the liquid developing agent from developing roller 550. 

[01 62] Transfer apparatus 66 of this embodiment is provided with intermediate transfer drum 662 as the intermediate 
transfer member, second-stage transfer roller 663, which is the second-stage transfer medium, positioned such that it 
can be separated from intermediate transfer drum 662, and removal roller 665 that removes the toner remaining on 
intermediate transfer drum 662. 

25 [0163] Intermediate transfer drum 662 rotates in the opposite direction to the direction of rotation of photosensitive 
member 1 0. At the point of transfer from photosensitive member 1 0 to intermediate transfer drum 662, power supply 
apparatus or a corona discharge device (not illustrated) charges intermediate transfer drum 662 with a charge of op- 
posite polarity to the toner. In this way, electrostatic force is used to achieve the first-stage transfer which transfers the 
toner image from photosensitive member 1 0 to intermediate transfer drum 662. Intermediate transfer drum 662 has a 

30 core formed from a rigid body such as stainless steel, an elastic layer formed around the periphery of the core, and a 
surface layer formed on the surface of the elastic layer. Therefore, the contact pressure can be distributed when inter- 
mediate transfer drum 662 touches the toner image formed on photosensitive member 1 0 and disturbance of the toner 
image on photosensitive member 10 can be prevented. Note that the preferred degree of hardness of intermediate 
transfer drum 662 is from 5 to 50 degrees JIS-A and, if possible, from 15 to 40 degrees JIS-A. If the hardness is less 

35 than 5 degrees JIS-A, the roller is too soft and does not easily hold the required shape. If the hardness is greater than 
50 degrees JIS-A, the roller is too hard and the toner image may be squashed when intermediate transfer drum 662 
touches the toner image formed on photosensitive member 10. 

[0164] The material used to form the elastic surface on intermediate transfer drum 662 may be a foam-type material 
such as polystyrene, polyethylene, polyurethane, polyvinyl chloride, or nitrile butadiene rubber (NBR), or a rubber 

40 material with a low degree of hardness such as silicone rubber or urethane rubber. However, if rubber materials are 
usually used in their elastic deformed state over a period of years, the change in shape may become permanent such 
that the material does not return to the original shape of the roller. Therefore, if possible, use of a foam-type material 
is preferred as the material that forms the elastic surface. Note that a rubber element may be used to form the elastic 
layer around the core, and a further elastic layer may be formed from a foam-type material on the surface of that layer. 

45 [0165] The surface layer of intermediate transfer drum 662 is formed from a conductive material that is not caused 
to swell by the silicone oil that is the carrier liquid in liquid developing agent 508. Various methods can be used to form 
the surface layer. For example, the surface of the elastic layer may be coated with a synthetic rubber compound or 
covered by a tube. An endless resin tube, such as a polyimide or polyethylene terephthalate (PET) tube, without any 
joins is preferred. Note that, if the elastic layer is formed from a rubber material that is not caused to swell by silicone 

so oil, such as urethane rubber or florosilicone rubber, the end surfaces of intermediate transfer drum 662 need not be 
covered with the same material as the surface layer but, if the elastic layer is formed from a foam-type material or other 
material that is caused to swell by silicone oil, the end surfaces of intermediate transfer drum 662 must be covered by 
the same material as the surface layer. 

[0166] The preferred value for the electric resistance of intermediate transfer drum 662 is from 1 0 4 to 1 0 11 Qcm and, 
55 if possible, 10 6 to 10 9 ficm. If the electric resistance value is less than 10 4 Qcm, sudden electric discharges from 
intermediate transfer drum 662 to photosensitive member 1 0 will occur when intermediate transfer drum 662 is charged, 
photosensitive member 10 will be damaged, and transfer will be poor. If the electric resistance value is higher than 
10 11 Ocm, intermediate transfer drum 662 will have insufficient charge, the electrostatic force between intermediate 
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transfer drum 662 and the toner image formed on photosensitive member 10 will be too weak, and insufficient toner 
will be transferred. To achieve the above electric resistance values for intermediate transfer drum 662, the electric 
resistance value must be lowered by, for example, a conductive process being applied to the surface of intermediate 
transfer drum 662 or by addition of minute conductive particles to the material that forms the surface layer. 

5 [01 67] A glossy surface that has good release properties is preferred for intermediate transfer drum 662. This allows 
the intermediate transfer drum to release the toner well and therefore facilitates the movement of the toner image from 
intermediate transfer drum 662 to the paper. Therefore, it is desirable that the material used to form the surface layer 
of intermediate transfer drum 662 be latex or a resin tube that gives the surface good release properties, such as 
perfluoroalkoxy resin (PFA), polytetrafluoroethylene (PTFE), ethyltetrafluoroethylene (ETFE), or fluorinated ethylene 

10 propylene resin (FEP). 

[0168] Second-stage transfer roller 663 rotates in the opposite direction to the direction of rotation of intermediate 
transfer drum 662 such that the paper transported by paper supply apparatus 61 0 and by transport apparatus 632a to 
632c is fed between the intermediate transfer drums 662 and second-stage transfer rollers 663, At this time, second- 
stage transfer roller 663 is pressed against intermediate transfer drum 662 through the medium of the paper. The 

15 elastic layer formed on the surface of intermediate transfer drum 662 improves the intimacy of the contact between 
the intermediate transfer member and the recording medium such that good transfer is achieved regardless of depres- 
sions and protrusions in the recording medium. Second-stage transfer roller 663 is connected to power supply appa- 
ratus (not illustrated), which applies a second-stage transfer bias voltage to second-stage transfer roller 663. 
[0169} A fluoro coating is given to the surface of second-stage transfer roller 663. This provides good release prop- 

20 erties in relation to the toner, facilitates removal of toner that has adhered to second-stage transfer roller 663, and can 
prevent second-stage transfer roller 643 from becoming dirty. 

[0170] Removal roller 665 is positioned such that it contacts intermediate transfer drum 662 and rotates in the op- 
posite direction to the direction of rotation of intermediate transfer drum 662. As shown in Figure 17, power supply 
apparatus 667 charges removal roller 665 with a charge of the opposite polarity to the toner. Thus the liquid developing 

25 agent remaining on intermediate transfer drum 662 after the end of the second-stage transfer process is caused to 
adhere to the surface of removal roller 665 and is removed from intermediate transfer drum 662. 
[0171] Cleaning apparatus 75 of this embodiment is provided with removal roller 752 and power supply apparatus 
754 that is connected to removal roller 752. Removal roller 752 is disposed such that it contacts photosensitive member 
1 0 and rotates in the opposite direction to the direction of rotation of photosensitive member 1 0. Power supply apparatus 

30 754 applies a voltage to removal roller 752 to give removal roller 752 a charge of opposite polarity to the toner and 
thereby remove the remaining toner from photosensitive member 10. 

[0172] The operation of multi-color image formation apparatus 4 of this embodiment is explained next. 
[0173] Note that the timing for the operations from charging'to charge neutralization, described later, takes into ac- 
count the speed of movement of the paper such that the toner images, each formed on the intermediate transfer drum 
35 662 provided by one of the image formation devices, are transferred to the paper sequentially at the positions that will 
provide proper registration. The transfer sequence is image formation device 4a, image formation device 4b, image 
formation device 4c, then image formation device 4d. The timing for the operation of the image formation devices may 
also be determined by use of a sensor that detects the movement of the paper. 

[0174] First, charging apparatus 30 charges the surface of photosensitive member 1 0, then exposure apparatus 40 
40 exposes the image on the charged photosensitive member 10. Next, pre-wet apparatus 25 applies pre-wet liquid 220 
to photosensitive member 10. The pre-wet liquid 220 that is stored in tank 252 is drawn up by supply roller 252a and 
supplied to transport roller 254. The pre-wet liquid 220 that has been supplied to transport roller 254 is transported to 
application roller 256 then applied to photosensitive member 10. The application of pre-wet liquid 220 by means of 
rollers in this way forms a thin film of pre-wet liquid on photosensitive member 10. 
45 [0175] Next, developing apparatus 55 makes a visible imagefromthe electrostatic latent image. The liquid developing 
agent 508 that is stored in tank 552 is drawn up by supply roller 552a and supplied to transport roller 554. The liquid 
developing agent 508 that has been supplied to transport roller 554 is transported to application rollers 556a and 556b 
then applied to developing roller 550. The application of liquid developing agent 508 by means of rollers in this way 
forms a thin film of liquid developing agent on developing roller 550. Next, a soft contact is achieved between the liquid 
so developing agent layer on developing roller 550 and the pre-wet liquid layer on photosensitive member 1 0. This brings 
the liquid developing agent close to the electrostatic latent image that has been formed on the surface of photosensitive 
member 1 0 and the , electrostatic force migrates the charged toner to photosensitive member 1 0 to form a toner image 
on photosensitive member 1 0. 

[0176] Transfer apparatus 66 then transfers to the paper the toner image that has been formed on photosensitive 
55 member 1 0. First, in the first-stage transfer, the electrostatic force generated between the toner and intermediate trans- 
fer drum 662, which has been given an electric charge of opposite polarity to the toner by corona discharge or by 
application of a bias voltage, transfers the toner image formed on photosensitive member 10 to intermediate transfer 
drum 662. Next, in the second-stage transfer, the toner image transferred to intermediate transfer drum 662 in the f irst- 
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stage transfer is transferred to the paper that is fed between intermediate transfer drum 662 and second-stage transfer 
roller 663. This transfer is achieved by means of the pushing force of second-stage transfer roller 663 against inter- 
mediate transfer drum 662 and by the electrostatic force generated by the second-stage transfer bias applied to second- 
stage transfer roller 663. Cleaning apparatus 70 removes the liquid developing agent 508 remaining on photosensitive 

5 member 10, then charge removal apparatus 60 neutralizes the charge on photosensitive member 10. 

[01 77] Multi-color image formation apparatus 4 of the third embodiment performs the above operations, from charging 
to charge neutralization , sequentially for image formation device 4a, image formation device 4b, image formation device 
4c, then image formation device 4d. The timing of these operations is such that the toner images that have been 
transferred to each of the intermediate transfer drums 662 in the first-stage transfer are transferred to the paper se- 

10 quentially in the second-stage transfer at the positions that will provide proper registration. Thus, yellow, magenta, 
cyan, and black toner images are sequentially transferred to the paper to form a color image on the paper. Fusing 
heater 624 that is provided within fuser roller 622 of fusing apparatus 620 thermally fuses the color image that has 
been formed on the paper and fixes it to the paper, as shown in Figure 1 6. Then, the paper to which the color image 
is fixed is ejected externally by paper eject apparatus 630. 

15 [01 78] Use of the elastic intermediate transfer drum 662 as the intermediate transfer member in the third embodiment 
of this invention allows the contact force to be distributed when intermediate transfer drum 662 touches the toner image 
formed on the surface of the latent image on photosensitive member 10. Thus, disturbance of the toner image can be 
prevented such that the first-stage transfer can be achieved without the toner image spreading on intermediate transfer 
drum 662. 

20 [0179] In addition, in the third embodiment of this invention, the pre-wet liquid 220 that is stored in tank 252 is applied 
to photosensitive member 10 by means of supply roller 252a, transport roller 254, and application roller 256. As a 
result, if photosensitive member 10 is rotated at higher speeds than in the related art, the rotation speed of the rollers 
can be increased in order to enable an even application of the desired quantity of pre-wet liquid 220 to the surface of 
photosensitive member 1 0. Thus, high-speed image printing can be achieved. In addition, use of rollers that have good 

25 lyophilic properties as supply roller 252a, transport roller 254, and application roller 256 enables pre-wet liquid 220 to 
be applied to photosensitive member 10 as an even thinner uniform layer. 

[0180] Furthermore, in the third embodiment of this invention, use of the elastic developing roller 550 as the devel- 
oping agent bearing member allows the pushing force of developing roller 550 against photosensitive member 10 to 
be regulated and allows the contact force to be distributed when the liquid developing agent layer formed on developing 

30 roller 550 touches the pre-wet liquid layer formed on photosensitive member 10. As a result, the liquid developing 
agent layer and pre-wet liquid layer can maintain a two-layer structure when they are brought into contact during the 
developing process. This can prevent the occurrence of inaccuracies in the pre-wet liquid layer and, consequently, 
prevent adhesion of toner to the non-image parts on the photosensitive member and prevent the occurrence of image 
inaccuracies. Other benefits are the same as for the first embodiment. 

35 [0181] Note that the above description of the third embodiment describes provision of image formation device 4a 
that forms a yellow toner image on the recording medium, image formation device 4b that forms a magenta toner image 
on the recording medium, image formation device 4c that forms a cyan toner image on the recording medium, and 
image formation device 4d that forms a black toner image on the recording medium, but this invention is not restricted 
in this matter. Only two or three image formation devices may be provided, as required, to form images of the desired 

40 color on the recording medium. 

[0182] For the pre-wet apparatus in the third embodiment described above, apparatus that applies pre-wet liquid 
220 to photosensitive member 10 by means of supply roller 252a, transport roller 254, and application roller 256 is 
described, but this invention is not restricted in this matter. Any pre-wet apparatus that can apply a fixed quantity of 
pre-wet liquid evenly to the surface of photosensitive member 10 may be used. For example, a pre-wet liquid supply 

^5 element formed from a continuously porous element, as described for the first and second embodiments, may be used 
to apply the pre-wet liquid. Alternatively, the pre-wet liquid may be discharged from multiple radial nozzles and applied, 
or a sponge roller may be used to apply the pre-wet liquid. 

[0183] Further, for the developing agent bearing member in the third embodiment described above, use of elastic 
developing roller 550 was explained, but this invention is not restricted in this matter. The developing agent bearing 

so member may be a developing belt formed from a flexible belt-type element, as described for the first and second 
embodiments, or a developing roller formed from a metal or other rigid element. However, if a developing roller formed 
from a rigid element is used, a member formed from a flexible belt-type element must be used as the image bearing 
member or the developing roller must be positioned such that minute gap d is formed between the developing roller 
and the photosensitive member such that the two-layer structure of the liquid developing agent layer formed on the 

55 developing roller and the pre-wet liquid layer formed on the photosensitive member is maintained when the layers touch . 
[0184] The intermediate transfer member used in the third embodiment described above is the elastic cylindrical 
intermediate transfer drum 662, but this invention is not restricted in this matter. The intermediate transfer member 
may be formed from a flexible belt-type element or, if the image bearing member is formed from a flexible belt-type 
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element, a drum formed from metal or other conductive material may be used as the intermediate transfer member. 
[0185] This invention is not restricted to the embodiments described above. Many modifications are possible within 
the scope of the main elements. For example, for the above embodiments, apparatus that uses an organic photosen- 
sitive member as the image bearing member has been explained, but this invention is not restricted in this matter. The 
5 image bearing member may be any of the photosensitive members used with the Carlson method, may be the type of 
member used with ionographic or similar methods in which an insulating layer is formed on a conductive body that 
forms the electrostatic latent image directly, or may be the type of electrostatic recording paper used with electrostatic 
plotters. 

[01 86] I n the embodiments described above, the exposure apparatus exposes the image on the image bearing mem- 
w ber, and then the pre-wet apparatus applies pre-wet liquid to the image bearing member, but this invention is not 
restricted in this matter. The pre-wet liquid may be applied anytime before the developing process starts. For example, 
the pre-wet apparatus may apply the pre-wet liquid to the image bearing member, and then the exposure apparatus 
may expose the image on the image bearing member. In addition, provided that the viscosity of the pre-wet liquid is 
from 0.5 to 5 mPa.s, the electric resistance is 1 0 12 n cm or more, the boiling point is from 1 00 to 250°C, and the surface 
is tension is 21 dyne/cm or less, silicone need not be the main component. Furthermore, if the surface of the image 
bearing member is coated with a material that has good release properties, pre-wet apparatus is not particularly nec- 
essary. 

[0187] The description of the supply of liquid developing agent to the developing agent bearing member by the 
developing apparatus in the above embodiments explains the use of rollers as the means of applying liquid developing 

20 agent to the developing agent bearing member, but this invention is not restricted in this matter. Any means that can 
form a thin layer of liquid developing agent on the developing agent bearing member can be used to supply the liquid 
developing agent to the developing agent bearing member. For example, a bellows pump may be used to apply the 
liquid developing agent directly to the developing agent bearing member, then a regulatory blade or regulatory roller 
may be used to regulate the thickness of the layer and form the layer of liquid developing agent on the developing 

25 agent bearing member. 

[0188] In addition, this invention is not restricted to the embodiments described above. If the thickness of the layer 
of liquid developing agent is from 5 to 40 u,m, the viscosity of the highly viscous developing agent may be 1 0,000 mPa. 
s. Currently, if a highly viscous developing agent has a viscosity of 6,000 mPa.s or more, the carrier liquid and toner 
are difficult to stir. Therefore, such viscosities are considered unsuitable for cost reasons. However, developing agents 

30 with viscosities over 6,000 mPa.s may be used if they can be obtained cheaply. Use of viscosities in excess of 1 0,000 
mPa.s is not realistic. The carrier liquid in the liquid developing agent is not restricted to silicone oil. 
[0189] The fourth embodiment of this invention is explained below with reference to Figures 1 8, 2 to 5, and 19. Figure 
18 is an overview of the structure of the image formation device that is the fourth embodiment of this invention and 
Figure 1 9 shows the operation of the image formation device shown in Figure 18. 

35 [0190] Image formation device 5 that is the fourth embodiment of this invention, as shown in Figure 1 8, is provided 
with photosensitive member 10 that is the electrostatic latent image bearing member, pre-wet apparatus 20 that applies 
pre-wet liquid to photosensitive member 1 0, charging apparatus 30 that charges photosensitive member 1 0, exposure 
apparatus 40 that exposes the inverted electrostatic latent image on photosensitive member 1 0, developing apparatus 
50 that supplies to the parts of photosensitive member 10 where an inverted electrostatic latent image is formed the 

40 liquid developing agent that has been applied to the developing belt 51 0 that is the developing agent bearing member, 
transfer apparatus 60 that transfers the normal toner image from developing belt 510 to the specified paper and that, 
at the same time, fixes the image to the paper, cleaning apparatus 70 that removes the toner remaining on photosen- 
sitive member 1 0, and charge removal apparatus 80 that neutralizes the charge on the charged photosensitive member 
10. 

45 [0191] Pre-wet apparatus 20, charging apparatus 30, exposure apparatus 40, cleaning apparatus 70, and charge 
removal apparatus 80 are the same as components in the first embodiment. Therefore, explanations of the above 
components are omitted and the main parts of this embodiment, developing apparatus 50 and transfer apparatus 60 
are explained. 

[01 92] Developing apparatus 50 is provided with developing belt 510, which is the developing agent bearing member, 
50 drive rollers 512a, 512b, and 512c that provide the rotational drive for developing belt 510 and that also support de- 
veloping belt 510 such that part of the belt contacts photosensitive member 10, developing cartridge 51 that supplies 
liquid developing agent 508 to developing belt 51 0, and scraper blade 51 6 that scrapes off the liquid developing agent 
508 adhering to developing belt 510. 

[0193] Developing cartridge 51 is provided with tank 502 that stores liquid developing agent 508, application roller 
55 506 that applies liquid developing agent 508 to developing belt 51 0, release roller 503 that is disposed at the release 
aperture of tank 502, and transport rollers 51 4a, 51 4b, and 51 4c. 

[0194] Release roller 503 is disposed such that it contacts transport roller 514a and rotates in the opposite direction 
to the direction of rotation of transport roller 514a, thereby transporting to transport roller 514a the liquid developing 
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agent 508 that is stored in tank 502. Transport roller 514a is disposed such that it contacts transport roller 514b and 
rotates in the opposite direction to the direction of rotation of transport roller 514b, thereby transporting to transport 
roller 514b the liquid developing agent 508 that has been supplied by release roller 504. Transport roller 514b is dis- 
posed such that it contacts transport roller 514c and rotates in the opposite direction to the direction of rotation of 

5 transport roller 51 4c ( thereby transporting to transport roller 51 4c the liquid developing agent 508 that has been supplied 
by transport roller 51 4a. Transport roller 514c is disposed such that it contacts application roller 506 and rotates in the 
opposite direction to the direction of rotation of application roller 506, thereby transporting to application roller 506 the 
liquid developing agent 508 that has been supplied by transport roller 514b. Application roller 506 is disposed such 
that it contacts developing belt 510 and rotates in the opposite direction to the direction of rotation of developing belt 

io 510, thereby applying to the surface of developing belt 51 0 the liquid developing agent 508 that has been supplied by 
transport roller 514c. 

[01 95] The reason that release roller 503, transport rollers 51 4a, 5 1 4b, and 51 4c, and application roller 506 are used 
to supply liquid developing agent to developing belt 51 0 is that, since the liquid developing agent 508 used in the fourth 
embodiment contains toner dispersed at a high concentration, as described later, this is an advantageous means of 

15 applying a small quantity of developing agent thinly and evenly to the surface of developing belt 510. 

[0196] Developing belt 51 0 is rotated in the opposite direction to the direction of rotation of photosensitive member 
10 by drive rollers 512a, 512b, and 512c and thereby supplies to the surface of the latent image on photosensitive 
member 10 the liquid developing agent 508 that has been applied by application roller 506. A flexible belt material, 
such as a seamless nickel belt or a polyimide or other resin belt, is used as developing belt 510. Use of this type of 

20 flexible belt material enables distribution of the contact force when the liquid developing agent layer formed on devel- 
oping belt 510 and the pre-wet liquid layer formed on photosensitive member 10 touch. As a result, the two-layer 
structure of the liquid developing agent layer formed on developing belt 510 and the pre-wet liquid layer formed on 
photosensitive member 10 can be maintained when the two layers touch and the two layers can be separated at a 
point within the pre-wet liquid layer. Note that developing belt 510 must be formed such that a developing bias can be 

25 applied. Accordingly, if a resin belt is used, minute conductive particles must be added to lower the electric resistance 
value or a conductive process must be applied to the surface of the belt. If the belt itself is conductive, rubber rollers 
that have low electric resistance values and to which minute conductive particles have been added may be used for 
drive rollers 512a, 512b, and 512c such that a developing bias can be applied. If a conductive process is applied to 
the surface of the belt, a conductor is disposed such that it touches the surface of the belt and the developing bias is 

30 applied through the medium of the conductor. 

[01 97] The image formation devices 5, described above, may be arranged in parallel in the multi-color image forma- 
tion apparatus and the number of image formation devices 5 may be reduced if less colors are required. 
[0198] Transfer apparatus 60 is provided with transfer roller 61 0, which is the transfer member. Transfer roller 61 0 
is rotated in the opposite direction to the direction of rotation of developing belt 510. As a result, the specified paper 

35 js fed between transfer roller 610 and developing belt 510 and transfer roller 610 is pushed against developing belt 
510 through the medium of the paper The toner image transferred to the paper is fixed to the paper by heating. Note 
that a fusing heater can be disposed inside drive roller 512c to provide a structure that allows the image to be fixed 
during the transfer process. In addition, a fusing heater may be disposed inside transfer roller 61 0 to provide a height- 
ened thermal effect during fusing. 

40 [0199] The operation of the image formation device that is the fourth embodiment of this invention is explained next. 
Firstly, as shown in Figure 19 (A), the surface of photosensitive member 10 is charged by charging apparatus 30. 
Generally, a corona discharge device is used as charging apparatus 30. 

[0200] Then, pre-wet apparatus 20 applies the pre-wet liquid 220 described above to photosensitive member 1 0, as 
shown in Figure 19 (B). When an external signal is input, pre-wet apparatus 20 moves pre-wet liquid supply element 

45 202 into contact with photosensitive member 10. Pre-wet liquid 220 is circulated continuously inside pre-wet liquid 
supply element 202 by means of pump 208. The pre-wet liquid 220 that exceeds the capacity of the pores in the Bell- 
eta used as pre-wet liquid supply element 202 is released from release side 202b of pre-wet liquid supply element 202, 
as shown in Figure 5, and also from the lower surface of pre-wet liquid supply element 202. This provides a uniform 
application of the pre-wet liquid to photosensitive member 10 without causing damage to photosensitive member 10. 

so [0201 ] Then , the inverted image on charged photosensitive member 1 0 is exposed. Contrary to the situation shown 
in Figure 3 (B), a laser scanner or similar is used to expose an inverted image, that is, the image parts, to form an 
inverted electrostatic latent image on the surface of photosensitive member 10, as shown in Figure 19 (C). The parts 
hit by the light from the laser scanner are made conductive and lose their charge. The parts not hit by the light remain 
as the charged image, that is, the electrostatic latent image. 

55 [0202] Next, a normal toner image is formed on developing belt 51 0. The liquid developing agent 508 that is stored 
in tank 502 is released by release roller 503 and transported to application roller 506 by means of transport rollers 
51 4a, 51 4b, and 51 4c. The liquid developing agent 508 that is transported to application roller 506 by means of multiple 
rollers is applied thinly and evenly to developing belt 51 0 and forms a thin layer on developing belt 51 0. The thin layer 
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of liquid developing agent formed on developing belt 51 0 in this way is brought close to the inverted electrostatic latent 
image formed on the surface of photosensitive member 10, as shown in Figure 19 (D), such that electrostatic force 
migrates the charged toner to photosensitive member 1 0 and forms an inverted toner image on photosensitive member 
10. The remaining toner forms a normal toner image on developing belt 510. 

s [0203] Next, transfer apparatus 60 transfers the normal toner image formed on developing belt 51 0 to the paper that 
is the recording medium. The normal toner image formed on developing belt 510 is separated from developing belt 
510 by means of the pushing force of transfer roller 610 against developing belt 510 and is moved to the paper that is 
fed between transfer roller 610 and developing belt 510. The toner on the paper is thermally fused during the fusing 
process (not illustrated) and fixed to the paper. In this way, the image is formed on the paper. Cleaning apparatus 70 

10 removes the liquid developing agent 508 from photosensitive member 1 0, then charge removal apparatus 80 neutral- 
ises the charge on photosensitive member 10. The above cycle from charging to charge neutralization can then be 
used again repeatedly. Note that, if the liquid developing agent is not transferred properly and remains on developing 
belt 510, the remaining liquid developing agent 508 is removed by scraper blade 51 6. 

[0204] Since, in this embodiment, an inverted image is exposed on the photosensitive member, the toner on devel- 
15 oping belt 510 at the non-image parts is moved through the pre-wet liquid layer to the surface of the latent image by 
means of the Coulomb force of the electric field formed between the charge on photosensitive member 10 and devel- 
oping belt 51 0 during the toner migration process part of the developing process, as shown in Figure 20. At the image 
parts, the surface of photosensitive member 10 and the liquid developing agent layer are separated by the pre-wet 
liquid layer and, therefore, the toner on developing belt 51 0 does not migrate to the surface of photosensitive member 

20 10. 

[0205] Accordingly, during the separation process, the liquid developing agent remaining on the developing belt 
forms the image parts, and the liquid developing agent that migrates to the surface of the photosensitive member forms 
the non-image parts. In this way, a normal toner image is formed on the developing belt. 

[0206] In addition, since the toner image formed on developing belt 510 is transferred to the recording medium in 
25 the fourth embodiment, the transfer is easier than when a toner image formed on photosensitive member 1 0 that is 
the electrostatic latent image bearing member is transferred to the recording medium. Since the photosensitive member 
does not withstand pressure or heat well, transfer methods that use pushing force from the transfer member against 
the photosensitive member, and also transfer methods that use pushing force from the transfer member against the 
photosensitive member and that also use a fusing heater to add heat to the transfer member to simultaneously fix the 
30 image, cannot be used. A developing agent bearing member withstands pressure and heat better than a photosensitive 
member. Therefore, transfer methods that use pushing force from the transfer member against the developing agent 
bearing member, and also transfer methods that use pushing force from the transfer member against the developing 
agent bearing member and that also use a fusing heater to add heat to the transfer member to simultaneously fix the 
image, can be used. 

35 [0207] Furthermore, developing belt 51 0 that is formed from a flexible belt-type element is used in the fourth embod- 
iment. Therefore, the contact force can be distributed when the liquid developing agent layer that has been applied to 
developing belt 51 0 touches the pre-wet liquid layer formed on photosensitive member 1 0 and, as a result, disturbance 
of the normal toner image formed on developing belt 510 can be prevented. In addition, since a rigid body such as a 
drum can be used for the photosensitive member and the transfer member, belt tracking control need only be provided 

40 for developing belt 510. Therefore, operations are easier to control than when a drum or other rigid body is used as 
the developing agent bearing member and a flexible belt-type material is used for the photosensitive member and 
transfer member, and the size of the apparatus can be smaller. 

[0208] For example, apparatus in which the transfer roller is charged with a charge of opposite polarity to the toner 
and the resulting electrostatic force is used to transfer to the paper the normal toner image that has been formed on 

45 developing belt 510 and that then fixes the image may be used. Alternatively, apparatus in which a bias voltage is 
applied to the transfer roller and the resulting electrostatic force is used to transfer to the paper the normal toner image 
that has been formed on developing belt 510 and that then fixes the image may be used. Note that the pushing force 
of transfer roller 61 0 against photosensitive member 1 0 and heating from a fusing heater disposed separately inside 
drive roller 512c can be used to transfer to the paper the normal toner image that has been formed on developing belt 

so 510 and to fix the image at the same time. Alternatively, a fusing heater may be disposed inside transfer roller 610. 
Note that the electrostatic force acting between developing belt 510 and the toner on developing belt 510 is weaker 
than the electrostatic force acting between photosensitive member 10 and the toner on photosensitive member 10. 
Therefore, when electrostatic force is used to transfer a toner image formed on developing belt 510 to the recording 
medium, the transfer voltage can be lower than when electrostatic force is used to transfer a toner image formed on 

55 a photosensitive member 1 0 to the recording medium. 

[0209] Next, multi-color image formation apparatus based on the fourth embodiment of this invention is explained 
with reference to Figures 21 to 23. Figure 21 is an overview of the structure of the multi-color image formation apparatus 
of this invention, Figure 22 is a cross-section outlining an intermediate transfer drum that can be used by the image 
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formation apparatus shown in Figure 21 , and Figure 23 shows the operation of the image formation apparatus shown 
in Figure 21. Note that the components in the image formation apparatus shown in Figure 21 that have the same 
function as components in the fourth embodiment are given the same or related reference numbers and detailed ex- 
planations for those functions are omitted. 

s [021 0] Multi-color image formation apparatus 2 based on the fourth embodiment of this invention, as shown in Figure 
21 , is provided with photosensitive member 1 0 that is the electrostatic latent image bearing member, pre-wet apparatus 
20 that applies pre-wet liquid to photosensitive member 1 0, charging apparatus 30 that charges photosensitive member 
10, exposure apparatus 40 that exposes the inverted image on photosensitive member 10, developing apparatus 52 
that supplies to the parts of photosensitive member 10 where an inverted electrostatic latent image is formed the liquid 

10 developing agent that has been applied to the developing belt 51 0 that is the developing agent bearing member, transfer 
apparatus 62 that transfers the normal toner image from developing belt 51 0 to the specified paper, cleaning apparatus 
70 that removes the toner on photosensitive member 1 0, and charge removal apparatus 80 that neutralizes the charge 
on the charged photosensitive member 1 0. 

[021 1 ] Developing apparatus 52 is provided with developing belt 51 0, which is the developing agent bearing member, 
15 drive rollers 512a, 512b, and 512c that provide the rotational drive for developing belt 510 and that also support de- 
veloping belt 51 0 such that part of the belt contacts photosensitive member 1 0, supply apparatus 53 that supplies liquid 
developing agent 508 to developing belt 510, and scraper blade 516 that scrapes off the liquid developing agent 508 
adhering to developing belt 510. 

[0212] Supply apparatus 53 is provided with four developing cartridges, 51a, 51b, 51c, and 51 d. Liquid developing 
20 agent 508a containing yellow toner is stored in tank 502 of developing cartridge 51a, liquid developing agent 508b 
containing magenta toner is stored in tank 502 of developing cartridge 51b, liquid developing agent 508c containing 
cyan toner is stored in tank 502 of developing cartridge 51c, and liquid developing agent 508d containing black toner 
is stored in tank 502 of developing cartridge 51 d. Supply apparatus 53 uses a movement device {not illustrated) to 
bring the application roller 506 of one of the developing cartridges into contact with developing belt 510 and thereby 
25 can apply liquid developing agent containing toner of a specific color to developing belt 510. 

[0213] Transfer apparatus 62 is provided with intermediate transfer drum 620, which is the intermediate transfer 
member for the first-stage transfer step, power supply apparatus 621 that applies a bias voltage to intermediate transfer 
drum 620, second-stage transfer roller 662, which is the second-stage transfer member of the second-stage transfer 
step, disposed such that it contacts intermediate transfer drum 620, fusing roller 624 disposed such that it contacts 
30 the inner surface of intermediate transfer drum 620 at the position of contact between second-stage transfer roller 622 
and intermediate transfer drum 620, and scraper blade 628 that scrapes off the toner remain ing on intermediate transfer 
drum 620 after the second-stage transfer. 

[0214] Intermediate transfer drum 620 is disposed such that it contacts developing belt 510 and is rotated in the 
opposite direction to the direction of rotation of developing belt 51 0. As shown in Figure 22, intermediate transfer drum 

35 620 has a core layer formed from a conductive material, a resistance layer formed on the core layer, and a surface 
layer formed on the resistance layer. The surface layer is formed from teflon, silicone, or other material that has good 
release properties. The core layer is formed from a conductive material in order to allow a bias voltage to be applied 
to intermediate transfer drum 620. Since a developing bias is applied to developing belt 510, the resistance layer is 
required in order to insulate intermediate transfer drum 620 from developing belt 510. The electric resistance value of 

40 the resistance layer must be from 10 8 to 1 0 13 n cm. The purpose of the good release properties of the surface layer 
is to weaken the physical adhesive force between the toner and intermediate transfer drum 620 and to facilitate the 
movement of the toner to the paper. Note that, if a surface layer that has an electric resistance value of 1 0 8 to 1 0 1 3 Q. 
cm can be formed, the resistance layer is not required. 

[0215] Second-stage transfer roller 622 rotates in the opposite direction to the direction of rotation of intermediate 
45 transfer drum 620 and thereby feeds the specified paper between intermediate transfer drum 620 and second-stage 
transfer roller 622. At this time, second-stage transfer roller 622 is pressed against intermediate transfer drum 620 
through the medium of the paper. Fusing heater 624 that adds heat to intermediate transfer drum 620 is disposed 
inside fusing roller 624. Note that the fusing heater may be disposed inside the second-stage transfer roller and add 
heat to the second-stage transfer roller. 
50 [0216] The operation of the multi-color image formation apparatus of this embodiment is explained next. First, as 
shown in Figure 23 (A), the surface of photosensitive member 1 0 is charged by charging apparatus 30. Then, as shown 
in Figure 23 (B), pre-wet apparatus 20 applies pre-wet liquid 220 to photosensitive member 10. 
[0217] Next, as shown in Figure 23 (C), exposure apparatus 40 exposes the inverted image on the charged photo- 
sensitive member 10 to form an inverted electrostatic latent image on the surface of photosensitive member 10. Then, 
55 as shown in Figure 23 (D), the liquid developing agent layer formed on developing belt 510 is brought close to the 
inverted electrostatic latent image that has been formed on the surface of photosensitive member 10 such that elec- 
trostatic force moves the charged toner to photosensitive member 10. This forms an inverted toner image on photo- 
sensitive member 10 and forms a normal toner image on developing belt 510. Note that supply apparatus 53 uses a 
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movement device (not illustrated) to bring the application roller 506 of one of the developing cartridges into contact 
with developing belt 510 and thereby applies liquid developing agent containing toner of a specific color to developing 
belt 510, as shown in Figure 21 . In this way, a normal toner image of the required color can be formed on developing 
belt 510. 

5 [0218] Next, transfer apparatus 60 performs the first-stage transfer in which the normal toner image that has been 
formed on developing belt 510 is transferred to intermediate transfer drum 620. For this first-stage transfer, the elec- 
trostatic force generated by the bias voltage that is applied to intermediate transfer drum 620 by power supply apparatus 
621 is used to migrate the normal toner image formed on developing belt 510 to intermediate transfer drum 620, as 
shown in Figure 23 (E). Cleaning apparatus 70 then removes the liquid developing agent 508 remaining on photosen- 

10 sitive member 1 0, and charge removal apparatus 80 neutralises the charge on photosensitive member 1 0. Then, the 
above movement apparatus switches the developing cartridge that is in contact with developing belt 510. The above 
cycle, from charging to charge neutralization, is then repeated such that the yellow, magenta, cyan, and black normal 
toner images are successively transferred and superimposed on each other on intermediate transfer drum 620. In this 
way, a full-color toner image is formed on intermediate transfer drum 620. Note that, if the liquid developing agent is 

15 not transferred properly and remains on developing belt 510, the remaining liquid developing agent 508 is removed 
by scraper blade 516. 

[0219] Next, transfer apparatus 60 performs the second-stage transfer in which the full-color toner image that has 
been formed on intermediate transfer drum 620 is transferred to the paper used as the recording medium and, at the 
same time, fixes the image to the paper. To achieve the second-stage transfer, the full-color toner image that has been 

20 formed on intermediate transfer drum 620 is separated from intermediate transfer drum 620, which has a surface layer 
with good release properties, by means of the pushing force of second-stage transfer roller 622 against intermediate 
transfer drum 620 and is moved to the paper that is fed between intermediate transfer drum 620 and second-stage 
transfer roller 622, as shown in Figure 23 (F). At the same time, fusing roller 624 adds heat by means of fusing heater 
626 and, thereby, the image is thermally fused and fixed to the paper. In this way, a color image can be formed on the 

25 paper. 

[0220] The multi-color image formation apparatus of this embodiment uses a first-stage transfer step that succes- 
sively transfers to and superimposes on intermediate transfer drum 620 each of the normal toner images of specified 
colors that are formed on developing belt 510, thereby forming a full-color toner image on intermediate transfer drum 
620, then uses a second-stage transfer step to transfer the full-color toner image that has been formed on intermediate 
30 transfer drum 620 to the paper that is the recording medium. As a result, proper registration of the color image formed 
on the paper is simplified. 

[0221] In addition, since developing belt 51 0 that is formed from a flexible belt-type element is used as the developing 
agent bearing member in this embodiment, a rigid body such as a drum can be used for the photosensitive member 
and the intermediate transfer member. Consequently, belt snaking control need only be provided for developing belt 
35 510. Therefore, operations are easier to control than when a drum or other rigid body is used as the developing agent 
bearing member and a flexible belt-type material is used for the photosensitive member and intermediate transfer 
member, and the size of the apparatus can be smaller. 

[0222] Note that the description for the first-stage transfer performed by the transfer apparatus of this embodiment 
explains use of a bias voltage applied to intermediate transfer drum 620 by power supply apparatus 621 to transfer 

40 the normal toner images formed on developing belt 51 0 to intermediate transfer drum 620 in the first-stage transfer, 
but this invention is not restricted in this matter. For the first-stage transfer, the transfer apparatus may, for example, 
use a corona discharge device to charge the intermediate transfer drum at the point of transfer with a charge of opposite 
polarity to the toner and thereby transfer the normal toner image that has been formed on the developing belt to the 
intermediate transfer drum. In this case, the electric resistance value of the intermediate transfer drum must be 10 12 

45 n cm or higher in order to insulate the intermediate transfer drum and the developing belt from each other. Note that 
earthing rollers 712 must be disposed on both sides of corona discharge device 710 on the inside of intermediate 
transfer drum 720 to neutralise the charge. 

[0223] The description for the second-stage transfer performed by the transfer apparatus of the fourth embodiment 
explains use of the pushing force of second-stage transfer roller 622 against intermediate transfer drum 620 through 

so the medium of the paper and use of fusing roller 624 that adds heat from fusing heater 626 to simultaneously transfer 
and fix to the paper the full-color toner image that has been formed on intermediate transfer drum 620, but this invention 
is not restricted in this matter. Apparatus such as transfer apparatus 64 shown in Figure 24, for example, may use 
power supply apparatus 642 to apply a bias voltage to second-stage transfer roller 622 and thereby achieve the second- 
stage transfer to the paper of the full-color toner image that has been formed on intermediate transfer drum 620, and 

55 may subsequently fix the toner image to the paper. 

[0224] In addition, for the fourth embodiment, use of intermediate transfer drum 620 as the intermediate transfer 
member is described, but this invention is not restricted in this matter. A flexible belt-type material, for example, may 
be used for the intermediate transfer member. 
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[0225] For the supply apparatus of the fourth embodiment, provision of developing cartridge 51 a that supplies liquid 
developing agent containing yellow toner to the developing belt, developing cartridge 51 b that supplies liquid developing 
agent containing magenta toner to the developing belt, developing cartridge 51c that supplies liquid developing agent 
containing cyan toner to the developing belt, and developing cartridge 51 d that supplies liquid developing agent con- 
5 taining black toner to the developing belt is described, but this invention is not restricted in this matter. The supply 
apparatus may provide only two or three developing cartridges, as required, to supply liquid developing agent containing 
toner of the required colors to the developing belt. 

[0226] Figure 26 is an overview of the structure of the multi-color image formation apparatus that is the fifth embod- 
iment of this invention. In the apparatus of the fourth embodiment, multiple image formation processes, one for each 

10 of the required base colors, share use of a single photosensitive member 1 0. Therefore, developing belt 51 0 needs to 
rotate at least as many times as the number of base colors used in order to complete a color image on the surface of 
intermediate transfer member 620. In contrast, the multi-color image formation apparatus of the fifth embodiment pro- 
vides a photosensitive member 10 for each color and, therefore, a color image can be completed on the intermediate 
belt and transferred to a medium during one revolution of intermediate transfer belt 640. 

15 [0227] The multi-color image formation apparatus of the fifth embodiment shown in Figure 26 provides an image 
formation device for each color. The image formation devices for each of the colors each comprise photosensitive 
member 1 0, pre-wet apparatus 20 that applies pre-wet liquid to photosensitive member 10, charging apparatus 30 that 
charges photosensitive member 10, exposure apparatus 40 that exposes the inverted electrostatic latent image on 
photosensitive member 1 0, developing belt 51 0 on the surface of which a normal toner image remains when the liquid 

20 developing agent is moved to the electrostatic latent image parts on photosensitive member 10, and developing ap- 
paratus 50 that applies liquid developing agent evenly to the surface of developing belt 51 0. 

[0228] The multi-color image formation apparatus additionally comprises intermediate transfer belt 640 to which the 
normal toner images, each of which has been formed in toner of a single base color on one of the developing belts, 
are transferred during the first-stage transfer, thereby forming a color image, and second-stage transfer roller 620 that 

25 presses against the paper fed between it and intermediate transfer belt 620 and thereby moves the normal toner image 
from the intermediate transfer belt to the surface of the paper. Pre-wet apparatus 20 of this embodiment has the same 
functions as in the multi-color image formation apparatus of the third embodiment, already explained with reference 
to Figures 16 and 17, and is provided with supply roller 252a that is immersed in the pre-wet liquid 220 in tank 252, 
rotating transport roller 254 that contacts the supply roller, and application roller 256 that contacts the transport roller 

30 and photosensitive member 1 0. Pre-wet apparatus 20 uses the pre-wet liquid pump to supply a fixed quantity of pre- 
wet liquid to photosensitive member 1 0 and to form an even film of liquid on the surface of the photosensitive member. 
[0229] Supply roller 502 draws up the liquid developing agent from a receptacle and transport roller 254 transport 
the liquid developing agent to application roller 506. The application roller then applies a uniform thin film of liquid 
developing agent to developing belt 510. Developing belt 510 is rotated and maintained at the appropriate tension by 

35 drive rollers 512a, 512b, and 512c. The developing belt is brought into soft contact with photosensitive member 10 
such that the liquid developing agent touches the electrostatic latent image parts on photosensitive member 1 0. At this 
time, the liquid developing agent is drawn to the negative voltage at the latent image parts on the photosensitive 
member such that a shape corresponding to the parts other than the latent image parts remains as a toner image on 
the surface of developing belt 510. Accordingly, if the exposure apparatus uses a negative image to illuminate the 

40 photosensitive member, the above toner image is the required image. The single-color color image formed on devel- 
oping belt 510 is transferred to intermediate transfer belt 640. At this time, support rollers 648a and 648b press inter- 
mediate transfer belt 640 against developing belt 51 0 and apply a negative voltage to move the image to the interme- 
diate transfer belt reliably. 

[0230] Developing belt 51 0 is rotated by drive rollers 51 2a, 512b, and 512c such that it touches photosensitive mem- 
« ber 10, intermediate transfer belt 640, and developing agent application roller 506 with the pressure appropriate to 
each. In addition, scraper blade 516 is provided to scrape off toner remaining on the surface of the developing belt. 
[0231] Four base colors, yellow, magenta, cyan, and black, are used, but the time required to form one color image 
is markedly shorter than with the multi-color image formation apparatus of the fourth embodiment. Note that, if the four 
image formation devices corresponding to the four base colors are positioned such that two are above and two are 
so below intermediate transfer belt 640, they can fit inside a small capacity, as clearly shown in Figure 26, and the appa- 
ratus as a whole can be compact. Naturally, the toner colors are determined on the basis of the color analysis method 
and are not restricted to the above four colors. 

[0232] Note that the descriptions for the fourth and fifth embodiments are for examples of exposure of an negative 
or reversal image and normal development, but this invention is not restricted in this matter. Various modifications, 
55 such exposure of a normal image and reversal development, are possible. Any modification in which the desired print 
image can be obtained on the developing agent bearing member and formed on the recording medium can be used. 
[0233] The sixth embodiment of this invention is explained next, with reference to Figures 27 and 28. Figure 27 is 
an overview of the structure of the electrostatic latent image liquid development type of multi-color image formation 
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apparatus that is the sixth embodiment of this invention, and Figure 28 shows the operation of the electrostatic latent 
image multi-color image formation apparatus shown in Figure 27. 

[0234] As shown in Figure 27, electrostatic latent image liquid development type multi-color image formation appa- 
ratus 1 that is the sixth embodiment of this invention is provided with a photosensitive member 1 0, which is the image 

5 bearing member, charging apparatus 30 that gives an electric charge to photosensitive member 1 0, exposure apparatus 
40 that exposes the image on photosensitive member 10, developing apparatus 50 that makes a visible image from 
an electrostatic latent image by means of supplying toner to the parts on photosensitive member 10 where the elec- 
trostatic latent image is formed, transfer apparatus 60 that transfers the toner from photosensitive member 1 0 to the 
specified paper P and fixes the toner to the paper, cleaning apparatus 70 that removes the liquid developing agent 

w remaining on photosensitive member 10, and charge removal apparatus (not illustrated) that neutralizes the charged 
photosensitive member 10. 

[0235] The related technology used for the electrophotographic type of printers in related art can, in most cases, be 
used for charging apparatus 30, exposure apparatus 40, cleaning apparatus 70, and the charge removal apparatus. 
Therefore, for this embodiment, explanations are omitted for the above types of apparatus, but the main parts of this 

15 invention, that is, photosensitive member 10, developing apparatus 50, and transfer apparatus 60, are explained. 
[0236] The surface of the organic photosensitive member 1 0 that is the image bearing member in this embodiment 
is provided with a release layer formed from a material that has a lower surface energy then the surface energy of the 
liquid developing agent described later. The purpose of this layer is to weaken the physical adhesive force between 
the liquid developing agent (described later) and photosensitive member 10 and to prevent adhesion of the liquid 

20 developing agent to the non-image parts on photosensitive member 10. A material such as a fluorocarbon resin or 
silicone may be used as the material that has a lower surface energy than the surface energy of the liquid developing 
agent described later. 

[0237] Developing apparatus 50 is comprised of developing part 51 and application part 52. Development part 51 is 
provided with developing belt 510, which is the developing agent bearing member, drive rollers 512a and 512b that 
25 provide the rotational drive for the developing belt and that support developing belt 510 such that part of the belt is in 
contact with photosensitive member 1 0, and scraper blade 51 4 that removes the liquid developing agent remaining on 
developing belt 510. Application part 52 is provided with application devices 52a, 52b, 52c, and 52d that apply liquid 
developing agent to the surface of developing belt 510. 

[0238] Developing belt 51 0 is rotated in the opposite direction to the direction of rotation of photosensitive member 
30 10 by drive rollers 512a and 512b. A flexible belt-type element, such as a seamless nickel belt or a polyimide or other 
resin belt, is used for developing belt 510. Note that developing belt 510 must be formed such that a developing bias 
can be applied. Thus, if a resin belt is used, a conductive process for the belt surface or addition of minute conductive 
particles to the belt raw material is required in order to lower the electric resistance value. 

[0239] Application devices 52a to 52d are each provided with bellows pump 520 that stores and also releases the 
35 liquid developing agent, transport rollers 522a, 522b, 522c, and 522d that transport to developing belt 510 the liquid 
developing agent released by bellows pump 520, and separating apparatus (not illustrated) that separates transport 
roller 522a from developing belt 510. Bellows pump 520a of application device 52a stores liquid developing agent 
containing yellow toner, bellows pump 520b of application device 52b stores liquid developing agent containing ma- 
genta toner, bellows pump 520c of application device 52c stores liquid developing agent containing cyan toner, and 
40 bellows pump 520d of application device 52d stores liquid developing agent containing black toner. 

[0240] Transport roller 522d is disposed such that it contacts transport roller 522c, transport roller 522c is disposed 
such that it contacts transport roller 522b, and transport roller 522b is disposed such that it contacts transport roller 
522a. Transport roller 522d is rotated in the opposite direction to the direction of rotation of developing belt51 0, transport 
roller 522c is rotated in the opposite direction to the direction of rotation of transport roller 522d, transport roller 522b 
45 is rotated in the opposite direction to the direction of rotation of transport roller 522c, and transport roller 522a is rotated 
in the opposite direction to the direction of rotation of transport roller 522b. 

[0241 ] Transfer apparatus 60 is provided with intermediate transfer belt 61 0, which is the intermediate transfer mem- 
ber, drive rollers 612a, 612b, and 612c that provide the rotational drive for intermediate transfer belt 610 and that 
support intermediate transfer belt 610 such that part of the belt is in contact with photosensitive member 10, second- 
50 stage transfer roller 614, which is the second-stage transfer member, disposed such that it contacts intermediate trans- 
fer belt 610, and scraper blade 616 that removes the toner remaining on intermediate transfer belt 610. 
[0242] Drive rollers 61 2a, 61 2b, and 61 2c provide the rotational drive for intermediate transfer belt 61 0 and rotate it 
in the opposite direction to the direction of rotation of photosensitive member 10. Second-stage transfer roller 614 
presses against intermediate transfer belt 610 through the medium of paper P. While a four-color toner image is being 
55 formed on intermediate transfer belt 610, second-stage transfer roller 614 does not touch intermediate transfer belt 
610. Then, during the second-stage transfer, the negatively charged second-stage transfer roller 614 touches inter- 
mediate transfer belt 610 through the medium of recording paper P. Note that fusing heater 618 is disposed inside 
drive roller 61 2c and adds heat to the toner image on intermediate transfer belt 61 0. 
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[0243] The operation of the electrostatic latent image multi-color image formation apparatus that is the sixth embod- 
iment of this invention is explained next. Firstly, as shown in Figure 28 (A), photosensitive member 1 0 that has a release 
layer formed on the surface is charged by charging apparatus 30. Generally, a corona discharge device is used as 
charging apparatus 30. Then, the image on charged photosensitive member 10 is exposed. A laser scanner or similar 

5 is used to expose the image and to form an electrostatic latent image on the surface of photosensitive member 10. 
The parts hit by the light from the laser scanner are made conductive and lose their charge, as shown in Figure 28 (B). 
The parts not hit by the light remain as the charged image, that is, the electrostatic latent image. 
[0244] Next, developing apparatus 50 makes a visible image from the electrostatic latent image. The liquid developing 
agent released from bellows pump 520 is applied thinly and evenly to the surface of developing belt 510 by means of 

10 the multiple transport rollers 522a to 522d. As a result, a thin layer of liquid developing agent is formed on developing 
belt 51 0. Developing apparatus 50 uses the separating apparatus (not illustrated) to bring one of application devices 
52a to 52d into contact with developing belt 510. In this way, a thin uniform film of liquid developing agent containing 
either yellow, magenta, cyan, or black toner can be applied to developing belt 510. 

[0245] Then, the layer of liquid developing agent formed on developing belt 51 0 is brought close to the electrostatic 
15 latent image that has been formed on the surface of photosensitive member 10, as shown in Figure 28 (C), such that 
electrostatic force migrates the charged toner to photosensitive member 1 0 and forms a toner image on photosensitive 
member 10. 

[0246] Next, transfer apparatus 60 uses electrostatic force or other means to transfer the toner image formed on 
photosensitive member 1 0 to intermediate transfer belt 610 in the first-stage transfer, as shown in Figure 28 (D). Then, 

20 cleaning apparatus 70 removes the liquid developing agent remaining on photosensitive member 10 and charge re- 
moval apparatus (not illustrated) neutralizes the charge on photosensitive member 1 0. Next, the separating mechanism 
(not illustrated) is used to change which application apparatus, 52a, 52b, 52c, or 52d, is in contact with developing belt 
510. The cycle described above, from charging through to charge neutralization, can then be repeated to transfer and 
successively superimpose yellow, magenta, cyan, and black toner images on intermediate transfer belt 610. In this 

25 way, a full-color toner image is formed on intermediate transfer belt 61 0. 

[0247] Transfer apparatus 60 transfers the full-color toner image that has been formed on intermediate transfer belt 
61 0 to the recording medium, paper P, in the second-stage transfer and uses separate fusing apparatus (not illustrated) 
to fix the image to the paper. In the second-stage transfer, the full-color toner image formed on intermediate transfer 
belt 610 is moved to paper P by means of the pushing force of second-stage transfer roller 614 against intermediate 

30 transfer belt 61 0 and by electrostatic force. Then, the fusing device thermally fuses the toner and fixes the image to 
the paper. In this way, a color image can be formed on paper P. 

[0248] Note that, if electrostatic force is not used, a heater may be disposed inside drive roller 612. In that case, the 
pushing force of second-stage transfer roller 614 against intermediate transfer belt 61 0 and the heat from the heater 
are used to move the toner to paper P in the second-stage transfer and, at the same time, to thermally fuse and fix the 
35 toner to paper P. Intermediate transfer drum 620 may be used instead of intermediate transfer belt 610, as shown in 
Figure 35. Use of intermediate transfer drum 620 provides greater running stability. 
[0249] Note that the other components in Figure 35 are the same as in Figure 27. 

[0250] Figures 29 to 33 show details of the developing process in the sixth embodiment of this invention. Figure 29 
shows an overview of the developing process, Figure 30 shows details of the contact process, Figure 31 shows details 

40 of the toner migration process, Figure 32 shows the separation process used at non-image parts, and Figure 33 shows 
the separation process used at image parts. The developing process of this embodiment can be thought of as consisting 
of the following three processes, as shown in Figure 29: the contact process in which developing belt 510 contacts 
photosensitive member 10 and the liquid developing agent contacts the surface of photosensitive member 10; the 
toner migration process in which the liquid developing agent layer and the release layer of photosensitive member 10 

45 make soft contact, allowing the toner to migrate; and the separation process in which developing belt 51 0 separates 
from photosensitive member 10 and the toner adhering to developing belt 510 separates from the toner adhering to 
photosensitive member 10. 

[0251] Developing belt 51 0 is constructed as a flexible belt-type element. Therefore, during the contact process, the 
contact force is distributed when the liquid developing agent layer on developing belt 510 and the release layer of 

50 photosensitive member 10 touch, as shown in Figure 30. Thus the layer of highly viscous liquid developing agent, 
comprised of a carrier liquid and toner, and the release layer of photosensitive member 1 0 form a soft contact. 
[0252] During the toner migration process, the Coulomb force acting between the electric charge on photosensitive 
member 1 0 and the charged toner causes the toner on developing belt 51 0 to migrate and adhere to the latent image 
surface at the image parts, as shown in Figure 31. At the non-image parts, the Coulomb force does not act on the 

55 charged toner and the toner on developing belt 51 0 does not migrate to the surface of photosensitive member 10. In 
* addition, since the release layer formed on the surface of photosensitive member 10 has a lower surface energy than 
the surface energy of the liquid developing agent, physical adhesive force does not cause the toner to adhere to the 
surface of photosensitive member 10. 



28 



EP0 756 213 B1 



[0253] During the separation process, the liquid developing agent layer remains on developing belt 510 at the non- 
image parts, as shown in Figure 32. Since, at the interface between the release layer of photosensitive member 1 0 
and the liquid developing agent layer, the surface energy of the release layer is lower than the surface energy of the 
liquid developing agent, physical adhesive force does not cause the liquid developing agent to adhere to the surface 
5 of photosensitive member 1 0. At the image parts, the toner that has migrated to the surface of photosensitive member 
10 pushes the carrier liquid away such that a carrier liquid layer is formed on top of the toner layer. Then, the carrier 
liquid layer is separated in two, with some of the carrier liquid remaining on developing belt 51 0 and some being moved 
to photosensitive member 10. 

[0254] Figure 34 shows the significance of the liquid developing agent being in the form of a thin film. If the layer of 

io liquid developing agent applied to developing belt 510 is too thick, the high viscosity of liquid developing agent 508 
causes excessive toner migration, causes inaccuracies in the toner image formed on photosensitive member 10, and 
produces image noise. This is because the excessive viscosity between the toner selection that should be moved from 
developing belt 510 to the surface of photosensitive member 10 by the electrostatic force forms a cluster with the 
surrounding toner and the cluster moves to photosensitive member 10. To suppress the formation of such clusters, 

15 the value of the minimum layer thickness of liquid developing agent layer that will provide good developing results must 
be determined, but the developing agent layer must be kept sufficiently thick to provide good image density. 
[0255] In addition, since this embodiment uses a photosensitive member 1 0 on which a release layer is formed such 
that the surface energy on the surface of photosensitive member 10 is lower than the surface energy of the liquid 
developing agent, the physical adhesive force between the liquid developing agent and photosensitive member 10 can 

20 be weakened. As a result, this embodiment can prevent the adhesion of toner to the non-image parts on photosensitive 
member 10 and can prevent image noise being generated by, for example, toner adhesion at the non-image parts. 
[0256] Note that, instead of a release layer being provided on the surface of photosensitive member 1 0, a chemically 
inactive dielectric liquid that has good release properties may be applied as a pre-wet liquid on photosensitive member 
10 in order to prevent the adhesion of toner to the non-image parts on photosensitive member 10. However, this 

25 necessitates addition of a pre-wet process that applies pre-wet liquid to the surface of photosensitive member 10 at 
the start of the developing process, and pre-wet apparatus that performs this process is required. Accordingly, in com- 
parison with apparatus that includes a pre-wet process, this embodiment enables reductions in the apparatus size and 
running costs. 

[0257] The use of an organic photosensitive member 1 0 as the image bearing member in this embodiment has been 
30 explained, but this invention is not restricted in this matter. Provided that a release layer that has a lower surface energy 
than the surface energy of the liquid developing agent is provided on the surface of the image bearing member, the 
image bearing member may be any of the photosensitive members used with the Carlson method, may be the type of 
member used with ionographic or similar methods in which an insulating layer is formed on a conductive body that 
forms the electrostatic latent image directly, or may be the type of electrostatic recording paper used with electrostatic 
35 plotters. 

[0258] Application apparatus that applies liquid developing agent to developing belt 51 0 by means of multiple trans- 
port rollers 522a to 522d was explained for this embodiment, but this invention is not restricted in this matter. Any 
method may be used provided that a thin layer of liquid developing agent can be formed on developing belt 510. For 
example, a rubber or rigid blade may be used to regulate the thickness of the layer of liquid developing agent applied 

40 to developing belt 51 0 such that a thin layer of liquid developing agent is formed on developing belt 510. 

[0259] Further, for this embodiment, use developing belt 510 constructed from a flexible belt-type element as the 
developing agent bearing member has been described, but this invention is not restricted in this matter. An elastic 
roller formed from an elastic material or a rigid roller formed from metal or other rigid material may be used as the 
developing agent bearing member. However, in order to bring a hard roller into contact with the image bearing member 

« without squashing the liquid developing agent layerformed on the rigid roller, an image bearing member belt constructed 
from a flexible belt element must be used as the image bearing member or, alternatively, the rigid roller must be posi- 
tioned such that a minute gap is formed between the rigid roller and the image bearing member. 
[0260] In addition, the transfer apparatus described for this embodiment transfers the toner image formed on pho- 
tosensitive member 10 to intermediate transfer belt 10, which is the intermediate transfer member, during the first- 

50 stage transfer, then performs a second-stage transfer which transfers to paper P the toner image that was transferred 
to intermediate transfer belt 61 0 during the first-stage transfer, thereby forming an image on paper P, but this invention 
is not restricted in this matter. Any apparatus that can transfer the toner image formed on the image bearing member 
to the recording medium may be used. Monochrome liquid developing apparatus, for example, in which the toner image 
formed on the image bearing member is transferred directly to the recording medium without performing a first-stage 

55 transfer to an intermediate transfer member may be used. 

[0261] This invention is not restricted to the embodiments described above, and various modifications are possible 
within the scope of the main elements. 

[0262] Note that pre-wet apparatus that uses pre-wet liquid supply element 202 to apply pre-wet liquid 220 to the 
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surface of photosensitive member 10 has been described, but this invention is not restricted in this matter. Any pre- 
wet apparatus that can apply a fixed quantity of pre-wet liquid evenly to the surface of photosensitive member 1 0 may 
be used. For example, the pre-wet apparatus may use multiple radial nozzles to discharge and apply the pre-wet liquid, 
or a sponge roller or similar may be used to apply the pre-wet liquid. 
5 [0263] In addition, pre-wet apparatus 20 described above applies pre-wet liquid 220 to the electrostatic latent image 
bearing member, and then exposure apparatus 40 exposes the image on the charged electrostatic latent image bearing 
member, but this invention is not restricted in this matter. Pre-wet apparatus 20 may apply pre-wet liquid 220 to the 
electrostatic latent image bearing member after exposure apparatus 40 exposes the image on the charged electrostatic 
latent image bearing member. 

io [0264] Developing apparatus that uses developing belt 51 0, constructed from a flexible belt element, as the devel- 
oping agent bearing member has been described, but this invention is not restricted in this matter. The developing 
apparatus may use a developing roller formed from a metal or other conductive element as the developing agent 
bearing member. However, in this case, an electrostatic latent image bearing member constructed from a flexible 
element must be used, or the developing roller must be positioned such that a minute gap is formed between the 

15 developing roller and the electrostatic latent image bearing member, such that the two-layer structure of the liquid 
developing agent layer formed on the developing roller and the pre-wet liquid layer formed on the electrostatic latent 
image bearing member is maintained when the layers touch and such that the two layers can be separated at a point 
inside the pre-wet liquid layer. 

[0265] Furthermore, in the developing cartridge described for the developing apparatus, the liquid developing agent 
20 released by release roller 503 is supplied to application roller 506 by means of transport rollers 51 4a and 514b then 
applied to developing belt 51 0, but this invention is not restricted in this matter. Any developing cartridge that can apply 
the highly viscous liquid developing agent thinly and evenly to the developing agent bearing member may be used. 
[0266] The use of an organic photosensitive member as the electrostatic latent image bearing member has been 
explained, but this invention is not restricted in this matter. The electrostatic latent image bearing member may be any 
25 of the photosensitive members used with the Carlson method, may be the type of member used with Sonographic or 
similar methods in which an insulating layer is formed on a conductive body that forms the electrostatic latent image 
directly, or may be the type of electrostatic recording paper used with electrostatic plotters. 

[0267] In addition, this invention is not restricted to the embodiments described above. If a release layer is formed 
and the thickness of the layer of liquid developing agent is from 5 to 40 urn, the viscosity of the highly viscous developing 

30 agent may be 1 0,000 mPa.s. Currently, if a highly viscous developing agent has a viscosity of 6,000 mPa.s or more, 
the carrier liquid and toner are difficult to stir. Therefore, such viscosities are considered unsuitable for cost reasons. 
However, developing agents with viscosities over 6,000 mPa.s may be used if they can be obtained cheaply. Use of 
viscosities in excess of 10,000 mPa.s is not realistic. Note that the carrier liquid in the liquid developing agent is not 
restricted to silicone oil. Furthermore, if a toner image that amply meets requirements can be formed on the developing 

35 agent bearing member without a pre-wet liquid, pre-wet liquid need not be applied to the electrostatic latent image 
bearing member. 

Industrial Field of Utilisation 

40 [0268] In the multi-color image formation apparatus of this invention, described above, the above structure enables 
formation of a toner image of a specified color, such as yellow, magenta, cyan, or black, on the corresponding image 
bearing member and enables sequential transfer to the recording medium of the toner images, each formed on one 
of the image bearing members. This enables high-speed image printing. In addition, high resolutions can be achieved 
due to use of a highly viscous liquid developing agent in which the toner is dispersed at a high concentration. Moreover, 

« this invention provides a low-pollution multi-color image formation apparatus. 

[0269] Note that, if a transfer member formed as a thin flexible belt-type element Is used, the contact pressure can 
be distributed when the toner image on the image bearing member touches the recording medium, enabling prevention 
of toner image inaccuracies. Thus, this invention provides a multi-color image formation apparatus capable of trans- 
ferring toner images to the recording medium without the image spreading. 

50 [0270] If an elastic cylindrical transfer member is used in the multi-color image formation apparatus of this invention, 
even higher image printing speeds can be achieved and the intimacy of contact between the recording medium and 
the intermediate transfer member can be improved. Thus, this invention provides a multi-color image formation appa- 
ratus that transfers images well. 

[0271] Other multi-color image formation apparatus of this invention is provided with a first-stage transfer step that 
55 sequentially transfers the toner images, each formed on one of the image bearing members, to an intermediate transfer 
member and thereby forms a full-color toner image on the intermediate transfer member, and a second-stage transfer 
step that performs the second-stage transfer to the recording medium of the full-color image formed on the intermediate 
transfer member. Thus, matters such as paper alignment that must be considered when the toner images, each formed 
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on one of the image bearing members, are transferred directly to the recording medium do not apply. Thus, in addition 
to the benefits of the type of multi-color image formation apparatus described above, this invention provides a multi- 
color image formation apparatus that can easily achieve proper registration of the color image transferred to the paper. 
[0272] Note that, in other multi-color image formation apparatus of this invention, if an intermediate transfer member 

5 formed as a thin flexible belt-type element is used, the contact pressure can be distributed when the intermediate 
transfer member touches the toner image formed on the surface of latent image on the image bearing member, enabling 
prevention of toner image inaccuracies. Thus, this invention provides a multi-color image formation apparatus capable 
of achieving the first-stage transfer without the toner image on the intermediate transfer member spreading. 
[0273] In addition, if an elastic cylindrical intermediate transfer member is used in the multi-color image formation 

10 apparatus of this invention, even higher image printing speeds can be achieved and the intimacy of contact between 
the recording medium and the intermediate transfer member can be improved. Thus, this invention provides a multi- 
color image formation apparatus that transfers images well. 

[0274] If a pre-wetting step, in which a chemically inactive dielectric liquid that has good release properties is applied 
as a pre-wet liquid to the image bearing member, is provided for the above multi-color image formation apparatus, this 
15 invention provides a multi-color image formation apparatus that can prevent the adhesion of toner to the non-image 
parts of the image bearing member. 

[0275] In addition, if a pre-wetting step in which at least one roller is used to apply pre-wet liquid to the image bearing 
member is used, this invention provides a multi-color image formation apparatus that can supply the required quantity 
of pre-wet liquid to the image bearing member even when the image bearing member is rotated at high speeds. 

20 [0276] The multi-color image formation apparatus of this invention, which forms on the developing agent bearing 
member a toner image that corresponds to the desired print image and then transfers this image to the recording 
medium, uses a highly viscous liquid developing agent in which the toner is dispersed at a high concentration. Therefore, 
this invention can easily produce high resolution images from compact apparatus and can prevent the release of pol- 
luting gases. In addition, inaccuracies do not occur easily in the toner image formed on the developing agent bearing 

25 member and, therefore, transfer of these toner images to the recording medium forms images with very little image 
spread on the recording medium. 

[0277] The multi-color image formation apparatus of this invention in which a release layer is formed on the surface 
of the image bearing member and in which the release layer has a lower surface energy than the surface energy of 
the liquid developing agent can prevent the adhesion of toner to the non-image parts of the image bearing member 
30 and, therefore, can prevent the occurrence of image noise. 



Claims 

35 1 . A multi-colour image formation apparatus having multiple developed image formation stations, each of the devel- 
oped image formation stations comprising an image bearing member, an electrostatic latent image formation station 
that forms an electrostatic latent image on said image bearing member, and a developing station that supplies a 
thin layer of 5 to 40u.m of a highly viscous colour liquid developing agent by means of a developing agent bearing 
member to the surface of a latent image on said image bearing member, the highly viscous colour liquid developing 

40 agent having a viscosity from 100 to 10,000 mPa.s and having charged developing particles dispersed at a con- 

centration of 5 to 40% by weight in a non-conductive liquid, so as to form on the latent image on the image bearing 
member a developed image corresponding to one colour, and a transfer station that sequentially transfers the 
respective developed images to a substrate transported by a transfer member, the transfer station providing a 
distributed contact pressure between the developed image bearing member and the substrate whereby the de- 

45 veloped image can be transferred without the developed image spreading, and thereby forming a multi-colour 

image on said substrate. 

2. The apparatus of Claim 1 , wherein said transfer member is formed from a flexible thin sheet-type element. 

so 3. The apparatus of Claim 1 , wherein said transfer member is an elastic cylindrical member. 

4. A multi-colour image formation apparatus having multiple developed image formation stations, each of the devel- 
oped image formation stations comprising an image bearing member, an electrostatic latent image formation station 
that forms an electrostatic latent image on said image bearing member, and a developing station that supplies a 
55 thin layer of 5 to 40u.m of a highly viscous colour liquid developing agent by means of a developing agent bearing 

member to the surface of a latent image on said image bearing member, the highly viscous colour liquid developing 
agent having a viscosity from 100 to 10,000 mPa.s and having charged developing particles dispersed at a con- 
centration of 5 to 40% by weight in a non-conductive liquid, so as to form on the surface of the latent image on the 
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image bearing member a developed image corresponding to one colour, the multi-colour image formation appa- 
ratus further comprising a first-stage transfer station that sequentially transfers the respective developed images 
to an intermediate transfer member, and thereby forming a multi-colour developed image on said intermediate 
transfer member, and a second-stage transfer station that transfers the multi-colour developed image formed on 
s said intermediate transfer member to a substrate, the transfer stations providing a distributed contact pressure 

between the developed image bearing member and the further members whereby the developed image can be 
transferred to the further members without the developed image spreading. 

5. A multi-colour image formation apparatus having multiple developed image formation stations, each of the devel- 
w oped image formation stations comprising an image bearing member, an electrostatic latent image formation station 

that forms an electrostatic latent image on said image bearing member, and a developing station that supplies a 
thin layer of 5 to 40u.m of a highly viscous colour liquid developing agent by means of a developing agent bearing 
member to the surface of a latent image on said image bearing member, the highly viscous colour liquid developing 
agent having a viscosity from 100 to 10,000 mPa.s and having charged developing particles dispersed at a con- 

15 centration of 5 to 40% by weight in a non-conductive liquid, so as to form on the surface of the latent image on the 

image bearing member a developed image corresponding to one colour, the multi-colour image formation appa- 
ratus further comprising a first-stage transfer station that transfers the developed images to an i ntermediate transfer 
member, and a second-stage transfer station that transfers the developed image formed on said intermediate 
transfer member to a substrate, 

20 wherein the second-stage transfer station sequentially transfers to the substrate the developed images, each 

of which has been transferred to the intermediate transfer member, and thereby forms a multi-colour image on 
said substrate, the transfer stations providing a distributed contact pressure between the developed image bearing 
member and the further members whereby the developed image can be transferred to the further members without 
the developed image spreading. 

25 

6. The apparatus of Claim 4 or Claim 5, wherein said intermediate transfer means is formed from a flexible thin sheet- 
type element. 

7. The apparatus of Claim 4 or Claim 5, wherein said intermediate transfer member is an elastic cylindrical member 

30 

8. The apparatus of Claim 1 , Claim 4 or Claim 5, wherein said image bearing member is formed from a flexible thin 
sheet-type element. 

9. The apparatus of Claim 1 , Claim 4 or Claim 5, wherein said developing agent bearing member is formed from a 
35 flexible thin sheet-type element. 

10. The apparatus of Claim 1 , Claim 4 or Claim 5, wherein said developing agent bearing member is an elastic cylin- 
drical member. 

40 11. The apparatus of Claim 1 , Claim 4 or Claim 5, further comprising a pre-wetting station that applies a pre-wet liquid, 
being a chemically inactive dielectric liquid that has good release properties, on said image bearing member. 

12. The apparatus of Claim 11, wherein said pre-wetting station applies said pre-wet liquid on said image bearing 
member by means of at least one roller. 

45 

13. The apparatus of Claim 12, wherein said roller is formed from a material that has good lyophilic properties. 

14. The apparatus of Claim 11 , wherein said pre-wet liquid has a viscosity from 0.5 to 5 mPa.s, an electric resistance 
of 1 0 12 Q cm or more, a boiling point from 1 00 to 250°C, and a surface tension of 21 dyne/cm or less. 

50 

15. The apparatus of Claim 14, wherein silicone fluid is the main component of said pre-wet liquid. 

16. An electrostatic latent image liquid developing apparatus that develops the electrostatic latent image formed on 
an image bearing member by means of a toner including charged developing particles, provided with a developing 

55 station that brings a developing agent bearing member on which a thin layer of 5 to 40u,m of a highly viscous liquid 

developing agent, having a viscosity from 1 00 to 1 0,000 mPa.s and having the toner dispersed at a concentration 
of 5 to 40% by weight in a non-conductive liquid that has been applied into contact with said image bearing member 
through the medium of said liquid developing agent and thereby supplies the toner to the surface of said latent 
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image on said image bearing member, and having a release surface that has a lower surface energy than the 
surface energy of said liquid developing agent formed on the surface of said image bearing member, and a transfer 
station that transfers to a substrate said developed image that has been formed on said developing agent bearing 
member, the transfer station providing a distributed contact pressure between the developed image bearing mem- 
5 ber and the substrate whereby the developed image can be transferred without the developed image spreading. 

1 7. The apparatus of Claim 1 6, wherein the release layer on said image bearing member is formed from a f luorocarbon 
resin. 

10 18. The apparatus of Claim 17, wherein the release layer on said image bearing member is formed from silicone. 

19. An apparatus according to any of the preceding claims, wherein the non-conductive liquid of said liquid developing 
agent has a viscosity from 0.5 to 1 ,000 mPa.s, an electric resistance of 10 12 am or more, a surface tension of 21 
dyne/cm or less, and a boiling point of 100°C or more. 

15 

20. The apparatus of Claim 19, wherein silicone fluid is used as the non-conductive liquid in said liquid developing 
agent. 

21. An apparatus according to any of the preceding claims, wherein said liquid developing agent contains toner with 
20 an average particle diameter of 0.1 to 5 um 

22. An image formation device provided with an electrostatic latent image bearing member, a developing agent bearing 
member, an electrostatic latent image formation station that forms an electrostatic latent image on said electrostatic 
latent image bearing member, a developing station that supplies to the surface of the latent image on said elec- 
ts trostatic latent image bearing member a thin layer of 5 to 40u.m of a highly viscous liquid developing agent, having 

a viscosity from 100 to 10,000 mPa.s and having charged developing particles dispersed at a concentration of 5 
to 40% by weight in a non-conductive liquid, that has been applied to said developing agent bearing member, such 
that a developed image that corresponds to the desired print image remains on the developing agent bearing 
member, and a transfer station that transfers to a substrate said developed image that has been formed on said 

30 developing agent bearing member, the transfer station providing a distributed contact pressure between the de- 

veloped image bearing member and a further member whereby the developed image can be transferred without 
the developed image spreading; wherein said transfer station comprises a first-stage transfer station that transfers 
the developed image that has been formed on said developing agent bearing member to an intermediate transfer 
member and a second-stage transfer station that transfers to the substrate the developed image that has been 

35 transferred to said intermediate transfer member. 

23. The image formation device of Claim 21 further comprising a pre-wetting station that applies a pre-wet liquid, being 
a chemically inactive dielectric liquid that has good release properties, on said electrostatic latent image bearing 
member. 

40 

24. The image formation device of Claim 22, wherein said developing agent bearing member is formed from a flexible 
element. 

25. The image formation device of Claim 24, wherein said flexible element is a belt element. 

45 

26. An image formation method comprising the steps of; forming an electrostatic latent image on an electrostatic latent 
image bearing member by means of an electrostatic latent image formation process such that a developed image 
that corresponds to the desired print image remains on the developing agent bearing member, developing the 
electrostatic latent image by means of a developing process that supplies to the surface of the latent image on the 

50 electrostatic latent image bearing member a thin layer of 5 to 40u,m of a highly viscous liquid developing agent, 

having a viscosity from 1 00 to 10,000 mPa.s and having charged developing particles (toner) dispersed at a con- 
centration of 5 to 40% by weight in a n on -conductive liquid, that has been applied to the developing agent bearing 
member and that forms the developed image on said developing agent bearing member by means of the remaining 
portion, and transferring the developed image that has been formed on said developing agent bearing member by 

55 means of a transfer process to a substrate, the transfer process providing a distributed contact pressure between 

the developed image bearing member and the substrate whereby the developed image can be transferred without 
the developed image spreading. 
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27. The image formation method of Claim 26, further including a pre-wetting process that applies a pre-wet liquid, 
being a chemically inactive dielectric liquid that has good release properties, to said electrostatic latent image 
bearing member at the start of said developing process. 

5 28. The image formation method of Claim 26, wherein said transfer process is provided with a first-stage transfer 
process that transfers the toner image formed on said developing agent bearing member to the intermediate trans- 
fer member and a second-stage transfer process that transfers the normal image that has been transferred to said 
intermediate transfer member to the substrate. 

10 29. The image formation method of Claim 26, wherein said developing agent bearing member is formed from a flexible 
element. 

30. The image formation method of claim 26, wherein said flexible element is a belt element. 

is 31 . The image formation method according to any of claims 26 to 30, wherein the non-conductive liquid of said liquid 
developing agent has a viscosity from 0.5 to 1,000 mPa.s, an electric resistance of 10 12 nm or more, a surface 
tension of 21 dyne/cm or less, and a boiling point of 100°C or more. 

32. The image formation method of Claim 31 , wherein silicone fluid is used as the non-conductive liquid in said liquid 
20 developing agent 

33. The image formation method according to any of claims 26 to 32, wherein said liquid developing agent contains 
toner with an average particle diameter of 0.1 to 5 ujti. 

25 34. An electrostatic latent image liquid developing method that uses charged developing particles to develop the elec- 
trostatic latent image formed on the image bearing member, provided with a developing process that brings the 
developing agent bearing member on which a thin layer of 5 to 40u.m of a highly viscous liquid developing agent, 
having a viscosity from 100 to 10,000 mPa.s and having toner dispersed at a concentration of 5 to 40% by weight 
in a non-conductive liquid, has been applied into contact with said image bearing member through the medium of 

30 said liquid developing agent and thereby supplies toner to the surface of the latent image on said image bearing 

member and having a release surface that has a lower surface energy than the surface energy of said liquid 
developing agent formed on the surface of said image bearing member, and transferring the developed image that 
has been formed on said developing agent bearing member by means of a transfer process to a substrate, the 
transfer process providing a distributed contact pressure between the developed image bearing member and the 

35 substrate whereby the developed image can be transferred without the developed image spreading. 



Patentanspriiche 

40 1 . Mehrfarbenbilderzeugungsgerat mit mehreren Erzeugungsstationen von entwickelten Bildern, wobei jede Erzeu- 
gungsstation von entwickelten Bildern ein Bildtragerelement, eine Erzeugungsstation fur ein elektrostatisches la- 
tentes Bild, die ein elektrostatisches latentes Bild auf dem Bildtragerelement erzeugt, und eine Entwicklungsstation 
aufweist, die eine dunne Schicht von 5 bis 40 u,m aus einer hochviskosen Farbentwicklungsfliissigkeit mit Hilfe 
eines Entwicklungsmitteltragerelementes auf die Oberflache eines latenten Bildes auf dem Bildtragerelement, auf- 

45 tragt, wobei die hochviskose Farbentwicklungsfliissigkeit eine Viskositat von 100 bis 10000 mPa.s und geladene 

Entwicklungspartikel hat, die bei einer Konzentration von 5 bis 40 Gew.% in einer nicht-leitenden Flussigkeit di- 
spergiert sind, urn auf dem latenten Bild auf dem Bildtragerelement ein entwickeltes Bild zu erzeugen, das einer 
Farbe entspricht, und einer Transportstation, die nacheinander die von einem Transportelement uberfuhrten, ent- 
sprechenden entwickelten Bilder zu einem Substrat uberfuhrt, wobei die Transportstation einen verteilten Kontakt- 

50 druck zwischen dem Tragerelement fur das entwickelte Bild und dem Substrat vorsieht, wobei das entwickelte Bild 

uberfuhrt werden kann, ohne daB ein Verlaufen bzw. Spreiten des entwickelten Bildes erfolgt und dabei ein mehr- 
farbiges Bild auf dem Substrat erzeugt wird. 

2. Gerat nach Anspruch 1 , bei dem das Transportelement aus einem flexiblen, dunnen streifen- bzw. schichtenartigen 
55 Element ausgebildet ist. 

3. Gerat nach Anspruch 1 , bei welchem das Transportelement ein elastisches, zylindrisches Element ist. 
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4. Mehrfarbenbilderzeugungsgerat mit mehreren Erzeugungsstationen von entwickelten Bildern, wobei jede Erzeu- 
gungsstation von entwickelten Bildern ein Bildtragerelement, eine Erzeugungsstation fur ein elektrostatisches La- 
tentbild, die ein elektrostatisches Latentbild auf dem Bildtragerelement erzeugt und eine Entwicklungsstation, auf- 
weist, die eine dunne Schichtvon 5 bis 40 ujti hochviskoser Farbentwicklungsfliissigkeit mit Hitfeeines Tragerele- 

5 ments fur das Entwicklungsmittel auf die Oberflache eines latenten Bildes auf dem Bildtragerelement auftragt, 

wobei die hochviskose Farbentwicklungsfliissigkeit eine Viskositat von 100 bis 10000 mPa.s und geladene Ent- 
wicklungspartikel hat, die mit einer Konzentration von 5 bis 40 Gew.% in einer nicht-leitenden Flussigkeit dispergiert 
sind, urn auf der Oberflache des latenten Bildes auf dem Bildtragerelement ein entwickeltes Bild zu erzeugen, das 
einer Farbe entspricht, wobei das Mehrfarbenbilderzeugungsgerat des weiteren eine Transportstation erster Stufe 

io aufweist, die nacheinander die entsprechenden entwickelten Bilder zu einem Zwischentranspo rtelement uberfuhrt 

und dabei ein mehrfarbiges entwickeltes Bild auf dem Zwischentransportelement erzeugt, sowie eine Transport- 
station zweiter Stufe, welche das auf dem Zwischentransportelement erzeugte, mehrfarbige entwikkelte Bild auf 
ein Substrat uberfuhrt, wobei die Transportstation en einen verteilten Kontaktdruck zwischen dem Tragerelement 
fur das entwickelte Bild und den weiteren Elementen liefern, wobei das entwickelte Bild zu den weiteren Elementen 

15 uberfuhrt werden kann, ohne daB ein Verlaufen bzw. Spreiten des entwickelten Bildes erfolgt. 

5. Mehrfarbenbilderzeugungsgerat mit mehreren Erzeugungsstationen von entwickelten Bildern, wobei jede Erzeu- 
gungsstation von entwickelten Bildern ein Bildtragerelement, eine Erzeugungsstation fur ein elektrostatisches la- 
tentes Bild, die ein elektrostatisch latentes Bild auf dem Bildtragerelement erzeugt und eine Entwicklungsstation 

20 aufweist, die eine dunne Schicht von 5 bis 40 u,m aus einer hochviskosen Farbentwicklungsfliissigkeit mit Hilfe 

eines Tragerelements fur Entwicklungsflussigkeit auf die Oberflache eines latenten Bildes auf dem Bildtragerele- 
ment, auftragt, wobei die hochviskose Farbentwicklungsfliissigkeit eine Viskositat von 100 bis 10000 mPa.s und 
geladene Entwicklungspartikel hat, die mit einer Konzentration von 5 bis 40 Gew.% in einer nicht-leitenden Flus- 
sigkeit dispergiert sind, urn auf der Oberflache des latenten Bildes auf dem Bildtragerelement ein entwickeltes Bild 

25 zu erzeugen, das einer Farbe entspricht, wobei das Mehrfarbenbilderzeugungsgerat des weiteren eine Transport- 

station erster Stufe aufweist, welche die entwickelten Bilder zu einem Zwischentransportelement uberfuhrt, sowie 
eine Transportstation zweiter Stufe, welche das auf dem Zwischentransportelement erzeugte entwickelte Bild auf 
ein Substrat uberfuhrt, wobei die Transportstation zweiter Stufe die entwickelten Bilder, von denen jedes zu dem 
Zwischentransportelement uberfuhrt wurde, zu dem Substrat uberfuhrt und dabei ein Mehrfarbenbild auf dem 

30 Substrat ausbildet, wobei die Transportstationen einen verteilten Kontaktdruck zwischen dem Tragerelement fur 

das entwickelte Bild und den weiteren Elementen vorsehen, wobei das entwickelte Bild zu den weiteren Elementen 
uberfuhrt werden kann, ohne daf3 das entwickelte Bild verlautt Oder spreitet. 



6. Gerat nach Anspruch 4 Oder Anspruch 5, bei welcher die Zwischentransporteinrichtung aus einem flexiblen, dun- 
35 nen streifen- bzw. schichtenartigen Element ausgebildet ist. 

7. Gerat nach Anspruch 4 oder Anspruch 5, bei welchem das Zwischentransportelement ein elastisches, zylindri- 
sches Element ist. 

40 8. Gerat nach Anspruch 1 , Anspruch 4 oder Anspruch 5, bei welchem das Bildtragerelement aus einem flexiblen, 
diinnen streifen- bzw. schichtenartigen Element ausgebildet ist. 

9. Gerat nach Anspruch 1 , Anspruch 4 oder Anspruch 5, bei welchem das Tragerelement fur das Entwicklungsmittel 
aus einem flexiblen diinnen streifen- bzw. schichtenartigen Element ausgebildet ist. 

45 

10. Gerat nach Anspruch 1 , Anspruch 4 oder Anspruch 5, bei welchem das Tragerelement fur das Entwicklungsmittel 
ein elastisches zylindrisches Element ist. 

11. Gerat nach Anspruch 1 , Anspruch 4 oder Anspruch 5, des weiteren mit einer Anfeuchtstation, welche eine an- 
50 feuchtende Flussigkeit, die eine chemisch inaktive, dielektrische Flussigkeit mit guten Loseeigenschaften hat, auf 

dem Bildtragerelement auftragt. 

12. Gerat nach Anspruch 11 , wobei die Anfeuchtstation die anfeuchtende Flussigkeit mit Hilfe wenigstens einer Rolle 
auf dem Bildtragerelement auftragt. 

55 • 

13. Gerat nach Anspruch 12, wobei die Rolle aus einem Material gebildet ist, das gute lyophile Eigenschaften hat. 

14. Gerat nach Anspruch 11, bei welchem die anfeuchtende Flussigkeit eine Viskositat von 0,5 bis 5 mPa.s, einen 
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elektrischen Widerstand von 10 12 Ohm cm Oder mehr, eine Siedetemperatur von 100 bis 250°C und eine Ober- 
flachenspannung bzw. Grenzflachenspannung von 21 dyn/cm oder geringer, hat. 

15. Gerat nach Anspruch 14, wobei Siliconfluid die Hauptkomponente der anfeuchtenden Flussigkeit ist. 

5 

16. Flussigentwicklungsgerat fur elekt rostat ische Latentbilder, das das auf einem Bildtragerelement ausgebildete elek- 
trostatische Latentbild mlttels eines Toners, der geladene Entwicklungspartikel beinhaltet, entwickelt, versehen 
mit einer Entwicklungsstation, die ein Tragerelement fur ein Entwicklungsmlttel, auf dem eine diinne Schicht von 
5 bis 40 urn einer hochviskosen Entwicklungsflussigkeit mit einer Viskositat von 100 bis 10000 mPa.s, und bei 

10 welcher der Toner mit einer Konzentration von 5 bis 40 Gew.% in einer nicht-leitenden Flussigkeit dispergiert ist, 

aufgetragen wurde, in Kontakt bringt mit dem Bildtragerelement uber das Medium der Entwicklungsflussigkeit und 
dabei den Toner der Oberflache des auf dem Bildtragerelement bef indlichen latenten Bildes zufiihrt und eine Lose- 
bzw. Freisetzoberflache hat, die eine geringere Oberflachenenergie hat als die Oberflachenenergie der auf der 
Oberflache des Bildtragerelementes ausgebildeten Entwicklungsflussigkeit, sowie mit einer Transportstation, wel- 

15 che das entwickefte Bild, das auf dem Entwicklungsmitteltragerelement erzeugt wurde, einem Substrat zufiihrt, 

wobei die Transportstation einen verteilten Kontaktdruck zwischen dem Tragerelement fur das entwickeite Bild 
und dem Substrat vorsieht, wobei das entwickeite Bild uberfuhrt werden kann, ohne daB das entwikkelte Bild 
verlauft bzw. spreitet. 

20 17. Gerat nach Anspruch 1 6, bei welchem die Lose- bzw. Freisetzschicht auf dem Bildtragerelement aus einem Fluor- 
kunstharz gebildet ist. 

1 8. Gerat nach Anspruch 1 7, bei dem die Lose- bzw. Freisetzschicht auf dem Bildtragerelement aus Silicon gebildet ist. 

25 19. Gerat nach einem der vorstehenden Anspruche, bei welchem die nicht-leitende Flussigkeit der Entwicklungsflus- 
sigkeit eine Viskositat von 0,5 bis 1000 mPa.s, einen elektrischen Widerstand von 10 12 Ohm m Oder mehr, eine 
Oberflachenspannung von 21 dyn/cm oder weniger und eine Siedetemperatur von 100°C oder mehr, hat. 

20. Gerat nach Anspruch 19, bei welchem das Siliconfluid als nicht-leitende Flussigkeit in der Entwicklungsflussigkeit 
30 verwendet wird. 

21. Gerat nach einem der vorstehenden Anspruche, bei welchem die Entwicklungsflussigkeit einen Toner mit einem 
durchschnittlichen Partikeldurchmesser von 0,1 bis 5 urn enthalt. 

35 22. Bilderzeugungsvorrichtung, die versehen ist mit einem Tragerelement fur ein elektrostatisches latentes Bild, einem 
Tragerelement fur ein Entwicklungsmittel, einer Erzeugungsstation fur ein elektrostatisches latentes Bild, die ein 
elektrostatisches latentes Bild auf dem Tragerelement fur das elektrostatische latente Bild erzeugt, einer Entwick- 
lungsstation, die der Oberflache des latenten Bildes auf dem Tragerelement fur das elektrostatische latente Bild 
eine diinne Schicht von 5 bis 40 urn einer hochviskosen Entwicklungsflussigkeit zufiihrt, die eine Viskositat von 
40 100 bis 10000 mPa.s und geladene Entwicklungspartikel hat, die mit einer Konzentration von 5 bis 40 Gew.% in 

einer nicht-leitenden Flussigkeit dispergiert sind, welche dem Tragerelement fur das Entwicklungsmittel zugefuhrt 
wurde, derart, daf3 ein entwickeltes Bild, welches dem gewunschten gedruckten Bild entspricht, auf dem Trage- 
relement fur das Entwicklungsmittel verbleibt, und einer Transportstation, welche das entwickeite Bild, das auf 
dem Tragerelement fur das Entwicklungsmittel erzeugt wurde, zu einem Substrat uberfuhrt, wobei die Transport- 
's station einen verteilten Kontaktdruck zwischen dem Tragerelement fur das entwickeite Bild und einem weiteren 
Element, vorsieht, wobei das entwickeite Bild uberfuhrt werden kann, ohne ein Verlaufen bzw. Spreiten des ent- 
wickeften Bildes; wobei die Transportstation eine Transportstation erster Stufe aufweist, welche das entwickeite 
Bild, das auf dem Tragerelement fur das Entwicklungsmittel erzeugt wurde, zu einem Zwischentransportelement 
uberfuhrt und eine Transferstation zweiter Stufe, welche das entwickeite Bild, das auf das Zwischentransportele- 
so ment uberfuhrt wurde, auf das Substrat uberfuhrt. 

23. Bilderzeugungsvorrichtung nach Anspruch 21 , des weiteren mit eine Anfeuchtstation, die eine anfeuchtende Flus- 
sigkeit, welche eine chemisch inaktive, dielektrische Flussigkeit mit guten Loseeigenschaften ist, auf das Trage- 
relement fur das elektrostatische latente Bild, auftragt. 

55 

24. Bilderzeugungsvorrichtung nach Anspruch 22, bei welcher das Tragerelement fur das Entwicklungsmittel aus ei- 
nem flexiblen Element gebildet ist. 
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25. Bilderzeugungsvorrichtung nach Anspruch 24, bei welcher das flexible Element eln bandartiges Element ist. 

26. Bilderzeugungsverfahren, das die Schritte aufweist: Ausbilden eines elektrostatischen latenten Bildes auf einem 
Tragerelement fur elektrostatische latente Bilder mittels eines Erzeugungsverfahrens fur elektrostatisch latente 

s Bilder, derart, daG ein entwickettes Bild, welches dem gewunschten, gedruckten Bild entspricht, auf dem Trage- 

relement fur Entwicklungsmittel verbleibt, Entwickeln des elektrostatischen latenten Bildes mittels eines Entwick- 
lungsprozesses, mit dem der Oberflache des latenten Bildes auf dem Tragerelement fur das elektrostatische la- 
tente Bild eine diinne Schicht von 0,5 bis 40 u.m einer hochviskosen Entwicklungsflussigkeit zugefuhrt wird, die 
eine Viskositat von 100 bis 10000 mPa.s und geladene Entwicklungspartikel (Toner) hat, welche mit einer Kon- 

10 zentration von 5 bis 40 Gew.% in einer nicht-leitenden Flussigkeit dispergiert ist, die dem Tragerelement fur das 

Entwicklungsmittel zugefuhrt wurde und die das entwickelte Bild auf dem Tragerelement fur das Entwicklungsmittel 
des verbleibenden Abschnitts erzeugt und Oberfuhren des entwickelten Bildes, das auf dem Tragerelement fur 
das Entwicklungselement erzeugt wurde mit Hilfe eines Uberfuhrungsprozesses auf ein Substrat, wobei der Uber- 
fuhrungsproze(3 einen verteilten Kontaktdruck zwischen dem Tragerelement fur das entwickelte Bild und dem 

15 Substrat, vorsieht, wobei das entwickelte Bild uberfuhrt werden kann, ohne daB das entwickelte Bild verlauft oder 

spreitet. 

27. Bilderzeugungsverfahren nach Anspruch 26, des weiteren mit einem AnfeuchtprozeB, mit dem eine anfeuchtende 
Flussigkeit, die eine chemisch inaktive dielektrische Flussigkeit mit guten Loseeigenschaften ist, zu Beginn des 

20 Entwicklungsprozesses, dem Tragerelement fur das elektrostatische latente Bild, zugefuhrt wird. 

28. Bilderzeugungsverfahren nach Anspruch 26, bei welchem der UberfuhrungsprozeB einen TransportprozeB erster 
Stufe vorsieht, bei dem das Tonerbild, das auf dem Tragerelement fur das Entwicklungsmittel erzeugt ist zu dem 
Zwischentransportelement uberfuhrt wird, sowie einen TransportprozeB zweiter Stufe vorsieht, bei welchem das 

25 normale Bild, das auf das Zwischentransportelement uberfuhrt wurde, auf das Substrat uberfuhrt wird. 

29. Bilderzeugungsverfahren nach Anspruch 26, bei welchem das Tragerelement fur das Entwicklungsmittel aus ei- 
nem flexiblen Element gebildet ist. 

30 30. Bilderzeugungsverfahren nach Anspruch 26, bei welchem das flexible Element ein bandartiges Element ist. 

31. Bilderzeugungsverfahren nach einem der Anspruche 26 bis 30, bei welchem die nicht-leitende Flussigkeit der 
Entwicklungsflussigkeit eine Viskositat von 0,5 bis 1000 mPa.s, einen elektrischen Widerstand von 10 12 Ohm m 
oder mehr, eine Oberflachenspannung von 21 dyn/cm oder weniger und eine Siedetemperatur von 100°C oder 

35 mehr, hat. 

32. Bilderzeugungsverfahren nach Anspruch 31 , bei welchem Siliconfluid als nicht-leitende Flussigkeit in der Entwick- 
lungsflussigkeit verwendet wird. 

40 33. Bilderzeugungsverfahren nach einem der Anspruche 26 bis 32, bei welchem die Entwicklungsflussigkeit Toner mit 
einem durchschnittlichen Partikeldurchmesser von 0,1 bis 5 urn enthalt. 

34. Verfahren zum Flussigkeitsentwickeln eines elektrostatischen latenten Bildes unter Verwendung geladener Ent- 
wicklungspartikel zum Entwickeln des auf dem Bildtragerelement erzeugten, elektrostatischen latenten Bildes, bei 

45 dem ein EntwicklungsprozeB vorgesehen ist, mit dem das Tragerelement fur das Entwicklungsmedium, auf dem 

eine dunne Schicht von 5 bis 40 urn einer hochviskosen Entwicklungsflussigkeit, mit einer Viskositat von 100 bis 
10000 mPa.s und mit einem Toner, der mit einer Konzentration von 5 bis 40 Gew.% in einer nicht-leitenden Flus- 
sigkeit dispergiert ist, aufgetragen wurde, in Kontakt gebracht wird mit dem Bildtragerelement uber das Medium 
der Entwicklungsflussigkeit und dabei Toner der Oberflache des latenten Bildes auf dem Bildtragerelement zuge- 

50 fuhrt wird, und wobei eine Ablosoberflache vorliegt, die eine niedrigere Oberflachenenergie hat als die Oberfla- 

chenenergie der auf der Oberflache des Bildtragerelements erzeugten Entwicklungsflussigkeit, und wobei das 
entwickelte Bild, das auf dem Tragerelement fur das Entwicklungselement erzeugt wurde, mittels eines Transport- 
prozesses auf ein Substrat uberfuhrt wird, wobei der OberfuhrungsprozeB einen verteilten Kontaktdruck zwischen 
dem Tragerelement fur das entwickelte Bild und dem Substrat vorsieht, wobei das entwickelte Bild uberfuhrt werden 

ss kann, ohne daB das entwickelte Bild verlauft oder spreitet. 
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Revendi cat ions 

1 . Un appareil de formation d'image polychrome ayant de multiples stations de formation d'image developpee, cha- 
cune des stations de formation d'image developpee comprenant un element porteur d'image, une station de for- 

5 mation d'image latente electrostatique qui forme une image latente electrostatique sur I'element porteur d'image, 

et une station de developpement qui foumit une couche mince de 5 a 40 um d'un agent de developpement liquide 
colore fortement visqueux, au moyen d'un element porteur d'agent de developpement, sur la surface d'une image 
latente sur I'element porteur d'image, I'agent de developpement liquide colore fortement visqueux ayant une vis- 
cosite allant de 100 a 10000 mPa.s et ayant des particules de developpement chargees dispersees a une con- 

10 centration de 5 a 40% en poids dans un liquide non conducteur, de facon a former sur Pimage latente sur I'element 

porteur d'image une image developpee correspondant a une couleur, et une station de transfert qui transffcre 
sequentiellement les images developpees respectives vers un substrat transports par un element de transfert, la 
station de transfert etablissant une pression de contact repartie entre l'6lement porteur d'image developpee et le 
substrat, grace a quoi i'image developpee peut etre transferee sans etalement de I'image developpee, et formant 

15 ainsi une image polychrome sur le substrat. 

2. L'appareil de la revendication 1 , dans lequel l'6lement de transfert est forme par un element mince flexible de type 
feuille. 

20 3, L'appareil de la revendication 1 , dans lequel I'element de transfert est un element cylindrique elastique. 

4. Un appareil de formation d'image polychrome ayant de multiples stations de formation d'image developpee, cha- 
cune des stations de formation d'image developpee comprenant un element porteur d'image, une station de for- 
mation d'image latente electrostatique qui forme une image latente electrostatique sur I'element porteur d'image, 

25 et une station de developpement qui foumit une couche mince de 5 a 40 urn d'un agent de developpement liquide 

colore fortement visqueux, au moyen d'un element porteur d'agent de developpement, sur la surface d'une image 
latente sur i'element porteur d'image, I'agent de developpement liquide colore fortement visqueux ayant une vis- 
cosite allant de 100 a 10000 mPa.s et ayant des particules de developpement chargees dispersees a une con- 
centration de 5 a 40% en poids dans un liquide non conducteur, de facon a former sur la surface de I'image latente 

30 sur I'element porteur d'image une image developpee correspondant a une couleur, l'appareil de formation d'image 

polychrome comprenant en outre une station de transfert de premier etage qui transfere sequentiellement les 
images d6veloppees respectives vers un element de transfert intermediate, et formant ainsi une image developpee 
polychrome sur I'element de transfert intermediaire, et une station de transfert de second etage qui transfere vers 
un substrat I'image developpee polychrome formee sur l'element de transfert intermediaire, les stations de transfert 

35 etablissant une pression de contact repartie entre I'element porteur d'image developpee et les elements supple- 

mentaires, grace a quoi I'image developpee peut etre transferee vers les elements supplemental^ sans etalement 
de I'image developpee. 

5. Un appareil de formation d'image polychrome ayant de multiples stations de formation d'image developpee, cha- 
40 cune des stations de formation d'image developpee comprenant un element porteur d'image, une station de for- 
mation d'image latente electrostatique qui forme une image latente electrostatique sur I'element porteur d'image, 
et une station de developpement qui foumit une couche mince de 5 a 40 ^un d'un agent de developpement liquide 
colore fortement visqueux, au moyen d'un element porteur d'agent de developpement, sur la surface d'une image 
latente sur I'element porteur d'image, I'agent de d6veloppement liquide colore fortement visqueux ayant une vis- 

45 cosite allant de 100 a 10000 mPa.s et ayant des particules de developpement chargees dispersees a une con- 

centration de 5 a 40% en poids dans un liquide non conducteur, de facon a former sur la surface de I'image latente 
sur I'element porteur d'image une image developpee correspondant a une couleur, l'appareil de formation d'image 
polychrome comprenant en outre une station de transfert de premier etage qui transfere les images developpees 
vers un element de transfert intermediaire, et une station de transfert de second etage qui transfere vers un substrat 

so I'image developpee formee sur I'element de transfert intermediaire, 

dans lequel la station de transfert de second etage transfere sequentiellement vers le substrat les images 
developpees, chacune d'elles ayant ete transfer6e vers I'element de transfert intermediaire, et forme ainsi une 
image polychrome sur le substrat, les stations de transfert etablissant une pression de contact repartie entre I'ele- 
ment porteur d'image developpee et les elements supplementaires, grace a quoi I'image developpee peut etre 

55 transferee vers les elements supplementaires sans etalement de I'image developpee. 

6. L'appareil de la revendication 4 ou de la revendication 5, dans lequel le moyen de transfert intermediaire est forme 
d'un el6ment mince flexible du type feuille. 
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7. L'appareii de la revendication 4 ou de la revendication 5, dans lequel I'el6ment de transfert intermediate est un 
element cylindrique elastique. 

8. L'appareii de la revendication 1 , de la revendication 4 ou de la revendication 5, dans lequel Element porteur 
5 d'image est forme d'un element mince flexible du type feuille. 

9. L'appareii de la revendication 1 , de la revendication 4 ou de la revendication 5, dans lequel I'element porteur 
d'agent de developpement est forme d'un element mince flexible du type feuille. 

10 10. L'appareii de la revendication 1, de la revendication 4 ou de la revendication 5, dans lequel I'element porteur 
d'agent de developpement est un element cylindrique elastique. 

11. L'appareii de la revendication 1 , de la revendication 4 ou de la revendication 5, comprenant en outre une station 
de pre-mouillage qui applique sur I'element porteur d'image un liquide de pre-mouillage, consistant en un liquide 

15 dielectrique chimiquement inactif qui a de bonnes proprietes de decollement. 

12. L'appareii de la revendication 11 , dans lequel la station de pre-mouillage applique le liquide de pre-mouillage sur 
I'element porteur d'image au moyen d'au moins un rouleau. 

20 13. L'appareii de la revendication 12, dans lequel le rouleau est forme a partir d'un materiau qui a de bonnes proprietes 
lyophiles. 

14. L'appareii de la revendication 11 , dans lequel le liquide de pre-mouillage a une viscosite allant de 0,5 a 5 mPa.s, 
une resistance electrique de 10 12 n-cm ou plus, un point d'ebullition de 100 a250°C, et une tension superficielle 

25 de 21 dyne/cm ou moins. 

15. L'appareii de la revendication 1 4, dans lequel un fluide consistant en silicone est le principal constituant du liquide 
de pre-mouillage. 

30 16. Un appareil de developpement liquide d'image latente electrostatique qui developpe I'image latente electrostatique 
formee sur un element porteur d'image au moyen d'un toner incluant des particules de developpement chargees, 
comportant une station de developpement qui amene un element porteur d'agent de developpement, sur lequel 
une couche mince de 5 a 40 p.m d'un agent de developpement liquide fortement visqueux, ayant une viscosite 
allant de 100 a 10000 mPa.s, et ayant le toner disperse avec une concentration de 5 a 40% en poids dans un 

35 liquide non conducteur, a et6 appliquee en contact avec I'element porteur d'image au moyen de I'agent de deve- 

loppement liquide, et foumit ainsi le toner a la surface de I'image latente sur I'element porteur d'image, et ayant 
une surface de decollement qui a une energie de surface inferieure a l'6ner de surface de I'agent de d6veloppement 
liquide form6 sur la surface de I'element porteur d'image, et une station de transfert qui transfere vers un substrat 
I'image d6veloppee qui a ele formee sur I'element porteur d'agent de developpement, la station de transfert 6Xa- 

40 blissant une pression de contact repartie entre I'element porteur d'image developpee et le substrat, grace a quoi 

i'image developpee peut etre transferee sans etalement de I'image developpee. 

17. L'appareii de la revendication 16, dans lequel la couche de decollement de I'element porteur d'image est form6e 
d'une resine consistant en fluorocarbure. 

45 

18. L'appareii de la revendication 17, dans lequel la couche de decollement de I'element porteur d'image est formee 
d'une silicone. 

19. Un appareil selon I'une quelconque des revendications precedentes, dans lequel le liquide non conducteur de 
so I'agent de developpement liquide a une viscosite allant de 0,5 a 1000 mPa.s, une resistance electrique de 10 12 

O-m ou plus, une tension superficielle de 21 dynes/cm ou moins, et un point d'ebullition de 100°C ou plus. 

20. L'appareii de la revendication 19, dans lequel le fluide consistant en silicone est utilise comme le liquide non 
conducteur dans I'agent de developpement liquide. 

55 

21. Un appareil selon I'une quelconque des revendications precedentes, dans lequel I'agent de developpement liquide 
contient un toner avec un diarnetre de particules moyen de 0,1 a 5 urn. 
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22. Un dispositif de formation d'image comportant un element porteur d'image latente electrostatique, un element 
porteur d'agent de developpement, une station de formation d'image latente electrostatique qui forme une image 
iatente electrostatique sur I' element porteur d'image latente electrostatique, une station de developpement qui 
fournit a la surface de I'image latente sur reiement porteur d'image latente electrostatique une couche mince de 

s 5 a 40 urn d'un agent de developpement liquide fortement visqueux, ayant une viscosite allant de 100 a 10000 

mPa.s et ayant des particules de developpement chargees dispers6es avec une concentration de 5 a 40% en 
poids dans un liquide non conducteur, qui a ete applique a Pelement porteur d'agent de developpement, de facon 
qu'une image developpee qui correspond a I'image d'impression desiree reste sur reiement porteur d'agent de 
developpement, et une station de transfert qui transfere vers un substrat I'image developpee qui a 6X6 form6e sur 

10 reiement porteur d'agent de developpement, la station de transfert etablissant une pression de contact repartie 

entre I'element porteur d'image developpee et un element supplemental, grace a quoi I'image developp6e peut 
etre transferee sans etalement de I'image developpee; dans lequel la station de transfert comprend une station 
de transfert de premier etage qui transfere vers un element de transfert intermediate I'image developpee qui a 
ete formee sur I'element porteur d'agent de developpement, et une station de transfert de second etage qui trans- 

15 fere vers le substrat I'image developpee qui a 6t6 transferee vers l'6lement de transfert intermediaire. 

23. Le dispositif de formation d'image de la revendication 21, comprenant en outre une station de pre-mouillage qui 
applique sur I'element porteur d'image latente electrostatique un liquide de pre-mouillage, qui est un liquide die- 
lectrique chimiquement inactif qui a de bonnes propriefes de decollement. 

20 

24. Le dispositif de formation d'image de la revendication 22, dans lequel I'element porteur d'agent de developpement 
est forme d'un element flexible 

25. Le dispositif de formation d'image de la revendication 24, dans lequel I'element flexible est un element consistant 
25 en une courroie. 

26. Un procede de formation d'image comprenant les etapes suivantes : on forme une image latente electrostatique 
sur un element porteur d'image latente electrostatique au moyen d'un processus de formation d'image latente 
electrostatique, de facon qu'une image deveiopp6e qui correspond a I'image d'impression desiree reste sur I'ele- 

30 ment porteur d'agent de developpement, on developpe I'image latente electrostatique au moyen d'un processus 

de developpement qui fournit a la surface de I'image latente sur I'element porteur d'image latente Electrostatique, 
une couche mince de 5 a 40 u,m d'un agent de developpement liquide fortement visqueux, ayant une viscosite 
allant de 100 a 10000 mPa.s et ayant des particules de developpement chargees (toner) dispersees avec une 
concentration de 5 a 40% en poids dans un liquide non conducteur, qui a ete applique a I'element porteur d'agent 

35 de developpement et qui forme I'image developpee sur I'el6ment porteur d'agent de developpement, au moyen 

de la partie restante, et on transfere vers un substrat I'image developpee qui a ete form6e sur I'element porteur 
d'agent de developpement, au moyen d'un processus de transfert, le processus de transfert etablissant une pres- 
sion de contact repartie entre I'element porteur d'image developpee et le substrat, grace a quoi I'image developpee 
peut dtre transferee sans etalement de I'image developpee. 

40 

27. Le procede de formation d'image de la revendication 26, comprenant en outre un processus de pre-mouillage qui 
applique a reiement porteur d'image latente electrostatique, au debut du processus de developpement, un liquide 
de pre-mouillage qui est un liquide dielectrique chimiquement inactif qui a de bonnes propriefes de decollement. 

45 28. Le procede de formation d'image de la revendication 26, dans lequel le processus de transfert comporte un pro- 
cessus de transfert de premier etage qui transfere vers I'element de transfert intermediaire I'image de toner formee 
sur Telement porteur d'agent de developpement, et un processus de transfert de second etage qui transfere vers 
le substrat I'image normale qui a ete transferee vers I'element de transfert intermediaire. 

so 29. Le procede de formation d'image de la revendication 26, dans lequel reiement porteur d'agent de developpement 
est forme d'un element flexible. 

30. Le procede de formation d'image de la revendication 26, dans lequel ('element flexible est un element consistant 
en une courroie. 

55 

31. Le procede de formation d'image selon Tune quelconque des revendications 26 a 30, dans lequel le liquide non 
conducteur de I'agent de developpement liquide a une viscosite allant de 0,5 a 1000 mPa.s, une resistance 6lec- 
trique de 10 12 n-m ou plus, une tension superficielle de 21 dynes/cm ou moins, et un point d'ebullition de 100°C 
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ou plus. 

32. Le procede de formation d'image de la revendication 31 , dans lequel on utilise un fluide consistant en une silicone 
pour le liquide non conducteur dans I'agent de developpement liquide. 

33. Le procede de formation d'image selon Tune quelconque des revendications 26 a 32, dans lequel I'agent de de- 
veloppement liquide contient un toner avec un diametre de particules moyen de 0,1 a 5 um 

34. Un procede de developpement liquide d'image latente electrostatique qui utilise des particules de developpement 
chargees pour developper I'image latente electrostatique formee sur I'element porteur d'image, comportant un 
processus de developpement qui amene I'element porteur d'agent de developpement sur lequel une couche mince 
de 5 a 40 u.m d'un agent de developpement liquide fortement visqueux, ayant une viscosite allant de 100 a 10000 
mPa.s, et ayant un toner disperse avec une concentration de 5 a 40% en poids dans un liquide non conducteur, 
a ete appliquee en contact avec I'element porteur d'image, par I'intermedtaire de I'agent de developpement liquide, 
et fournit ainsi le toner a la surface de I'image latente sur I'element porteur d'image, et ayant une surface de 
decollement qui a une energie de surface inferieure a Penergie de surface de I'agent de developpement liquide 
forme sur la surface de I'element porteur d'image, et transfere vers un substrat I'image d6veloppee qui a ete formee 
sur I'element porteur d'agent de developpement, au moyen d'un processus de transfert, le processus de transfert 
6tablissant une pression de contact repartie entre I'element porteur d'image d6veloppee et le substrat, grace a 
quoi I'image developpee peut etre transferee sans etalement de I'image developpee. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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FIG. 9 
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FIG. 12 



Developing agent Developing agent layer 
^bearing member 

-Pre-wet liquid layer 




^77777^77^7777777. 



10 Photosensitive member 



49 



EP0 756 213 B1 
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FIG. 17 
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FIG. 20 
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FIG, 27 
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